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Industrial Engineering—Training 


for Management: 


by HAROLD B. MAYNARD 


President, H. B. 


I; IS probablv safe to say that the majority of Indus- 
trial Engineers, while enjoying their Industrial Engineer- 
ing work immensely, look forward to future promotions to 
higher level and better paid work within the organization 
of which they are a part. In this they are no different than 
other ambitious people in the company who hope through 
hard work and meritorious performance on their present 
jobs to earn future advancement. 

The logical path of promotion for the Industric’ “ngi- 
neer is into the ranks of management, that is into the 
work of managing where he becomes responsible for 
getting results by directing the efforts of other people. 
What chance does the Industrial Engineer have for get- 
ting this promotion? Is there anything about his Indus- 
trial Engineering work which especially trains him to 
manage? Is he any better qualified to become a manager 
than other bright young men who are coming up through 
other functional activity areas? 

A number of years ago, a friend of mine had the task 
of installing an Industrial Engineering department in 
the company where ‘he was working at the time. There 
were no trained Industrial Engineers available, or per- 
haps I should say time study men for that’s about all 
Industrial Engineers were in those days, so he had to make 
them. He selected the best men he could find from the 
apprentice department, the shop floor, and anywhere else 
that bright young men were available. He developed a 
training course, trained the people he had selected, and 
presently had a time study department in operation. 

Not long after this, my friend left the company, and it 
was nearly ten years before he had an opportunity to 
return to it for a visit. When he did, he was very much 
interested to find that four of the five divisional superin- 
tendents were men whom he had originally selected and 
trained for Industrial Engineering work. 

Was this just mere coincidence? Did my friend have 
some unusual ability for picking good men? Or was there 
something about Industrial Engineering work even in the 
embryonic form in which it was then practiced that 
trained a man for greater managerial responsibilities 


later on? 
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Maynard and Company, Inc., Pittsburgh 


I am convinced that the latter is the case. The incident 
I have described is by no means an isolated incident. 
Throughout industry, the Industrial Engineering depart- 
ment has come to be regarded as the training ground for 
future managers. Management has sensed that good 
réplacement material for itself is to be found in the Indus- 
trial Engineering department, perhaps without even ask- 
ing itself why. But there is a reason, and it will help the 
Industrial Engineer in his own career development if he 
understands what it is. 


CHARACTERISTICS 


The most obvious apparent reason is that people of 
high intelligence are attracted to Industrial Engineering 
work. High intelligence is required for the successful man- 
aging of other people, so superficially this would seem to 
be a logical reason for turning to the Industrial Engineer- 
ing department when seeking new managers. But there 
are many people of high intelligence working in other 
functional areas too who somehow do not seem to be 
quite such logical candidates for managerial work as 
Industrial Engineers. It is true that managers have been 
selected from among purchasing agents, accountants, 
salesmen, design engineers, quality control men, tool 
designers, personnel men, and other functional activities, 
but the frequency with which this is done is by no means 
as great as in the case of Industrial Engineers. There must 
be something about Industrial Engineering, therefore, 
that fits a man for managing work to a greater extent 
than do many other functional activities. 

The next thought that might occur to us is that Indus- 
trial Engineers make good managers because Industrial 
Engineering as originally developed by Taylor, the Gil- 
breths, and others became the foundation on which scien- 
tific management was built. There is to be sure a close 
affinity between Industrial Engineering and_ scientific 
management, but the terms are by no means synonymous 
as so many Industrial Engineers are inclined to think. 
So we shall have to search further to find why Industrial 
Engineers so often make good managers. 

Recent research carried on in the Association of Con- 
sulting Management Engineers (ACME) may help to 
throw some light on the subject of our discussion today. 
A small committee last year made an intensive study of 
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the task of managing. The purpose of this study was to 
identify the knowledge a man must have to be able to 
consult effectively on a professional level with the man- 
agers of business and industry. The results of this study 
served that purpose, but they will also enable us to see 
why it is that experience in the field of Industrial Engi- 
neering helps train a man to manage 

According to the ACME committee, the task of manag- 
Ing may be deseribed as a three -step process as follows: 

1. Establish objectives 


2. Direct the attainment of objectives 


3. Measure results 


This managing process is accomplished by employing 
what the committee has called the elements of managing. 
There are eleven of these elements 

I am now going to discuss briefly each of these eleven 
elements of managing in turn to see if experience in In- 
dustrial Engineering helps a man learn how to perform 
them skillfully. You might like to keep score on this as 
we go along. If you would, take any piece of paper you 
have handy. On the left-hand side write as a column 
heading “Element of Managing.” On the right-hand side 
put down the column heading “Training Provided by In- 
dustrial Engineering.” Then subdivide this last column 
into three columns which we shall head “Good,” “Par- 
tial,’ and “Insufficient.” 

It is quite obvious that a seoring system ol this sort 
can only be an approximation. Furthermore you may not 
entirely agree with my own scoring. 

We do not define Industrial Engineering the same way, 
and our judgments are bound to be tempered by our own 
personal experience with Industrial Engineering and the 
Industrial Engineers we have known. Nevertheless we 
shall perhaps be able to agree in general with the conelu- 
sions to which our analysis will lead us 


GATHER INFORMATION 


ACME 
I doubt if we would 
have any disagreement on this one. The Industrial Engi- 


The first element of managing listed by the 
committee is “gather information.’ 
neer is a trained information gatherer. A large part of 
his work consists of gathering factual information about 
what is going on. He is usually largely concerned with 
the facts which exist in the factory or department in 
which he works and may, when he becomes a manager, 
need to expand the areas in which he gathers information 
to include such things as sales and marketing influences, 
economic’ conditions, and the like. But as far as the train- 
ing provided by Industrial Engineering for gathering 
information 1s concerned, we ean unhesitatingly rate It as 


“oood 


SYNTHESIZE 
The second element of managing is “synthesize infor- 
mation.” The information gathered by the Industrial 


Engineer on a specific problem in a narrow area may be 
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quite complete. In the broader area of managing this is 
often not the case. The information obtainable on a situ- 
ation of any complexity is seldom complete. The manager 
must take the bits and pieces he has and put them to- 
gether to form a complete picture, filling in the gaps on 
the basis of past experience, imagination, or just plain 
hunch. The ability to synthesize differs greatly among 
individuals and is one of the distinguishing characteristics 


of a good manager. Some people have the ability to 
synthesize from incomplete data and others do not. 

We perhaps do not know as much as we would like to 
about how the ability to synthesize may be developed, 


but in all probability Industrial Engineering work is not 
especially helpful in this connection. Indeed it may be 
just the opposite, for it tends to concentrate attention on 
the specific and the measurable, and tends to overlook 
the intangibles and the unmeasurables. Clarence Randall 
presented a series of lectures a few years ago in which 
he made a good case for a liberal arts education as being 
more useful than an engineering education for developing 
the ability to synthesize. At the same time, he did not 
write off the value of an engineering background and 
neither should we. Let’s rate the training provided by 
Industrial Engineering in developing skill in synthesizing 
as “partial.” 


PLAN 


The next element is “plan.” The ability to plan is un- 
doubtedly enhanced by Industrial Engineering experi- 
ence. The Industrial Engineer gets facts in depth and 
establishes a clear picture of what the existing situation 
is. His foremost objective is to make the situation better. 
He is trained in a variety of methods improvement tech- 
niques, any or all of which may be used in a given situa- 
tion. There are many things that might be done, so he 
visualizes what the various alternatives might be and 
considers what would have to be done to carry them out. 
Improvement in a manufacturing process, for exa.nple, 
may be made by anything from improving a few motion 
patterns to building a new and fully automated plant. 
The Industrial Engineer must consider these various al- 
ternatives, plan what might be done and how, and con- 
sider costs and economic benefits. This is quite similar to 
the kind of planning work he will have to do as a man- 
ager, and therefore we can record a cheek mark in the 
“oood” column on our score sheet 


DECIDE 


The fourth element of managing is “decide.” There 
comes a time in the planning process when one of the al- 
ternatives must be decided upon. The Industrial Iengineer 
is accustomed to weighing the pros and cons, the advan- 
tages and disadvantages, and the costs and savings of 
each alternative and selecting the one which seems to be 
the best course to follow. To this extent, his work trains 
him to decide. 
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The final decision, however, and the full responsibility 
for the consequences are not his. Usually when he has 
made his decision, he prepares a report giving his recom- 
mendations. The manager checks his work, asks ques- 
tions, suggests other alternatives, and so on before finally 
deciding. When the decision is made, it is the manager 
who bears the direct responsibility for the results, not the 
Industrial Engineer. The Industrial Engineer, therefore, 
leads a somewhat sheltered life. He recommends, but he 
expects his recommendations to be checked by someone 
higher up. One of the duties which some Industrial Engi- 
neers find most difficult when they become managers is 
the making of the final decisions on which the fortunes 
of the company must rise or fall. The ability to assume 
the responsibility for important final decisions must be 
possessed by a line managey, but it is not usually required 
of a staff Industrial Engineer. Therefore, the training pro- 
vided in 


making by Industrial 


work will have to be rated as “insufficient.” 


decision Engineering 
to) 


ORGANIZE 


The fifth element of managing is “organize.” Here the 
Industrial Engineer measures up well. He is by training 
an organizer. He organizes men, machinery, and materials 
in order to get the most effective results. He has an or- 
derly type of mind which abhors chaos and insists on well 
organized activity. Thus his training in this area is useful 
to him when he becomes a manager. His approach as an 
engineer may be quite mechanistic and may need to be 
broadened to include consideration of people problems, 
where emotional, political, and other matters involving 
human vagaries enter in. 
rate his training in organization as “good.” 
COMMUNICATE 

The next element is “communicate.” Certainly the In- 
dustrial Engineer recognizes the necessity of communicat- 
ing his plans, suggestions, and recommendations to others. 
Indeed a good part ol his work is communications. His re- 
ports, instruction sheets, and records are used to com- 
municate about his work to others. 
be effective, 


He may or may not 
however, in his verbal communications. 
Furthermore, his training is in the area of communica- 
tions about tangibles. They are factual, often dull, and 
usually lacking in inspiration. As a manager he will have 
to communicate about intangibles such as goals, aspira- 
tions, distant or idealistic objectives, and the like. And 
he will have to communicate clearly in language which 
will be understood by those he is communicating with, 
which is by no means easy when dealing with intangibles. 
With this in mind, the best rating we can give Industrial 
Engineering with respect to training in communications 


1s ‘partial ‘ 
MOTIVATE 
Next on our list of elements of managing comes “moti- 


vate.” The Industrial Engineer is quite familiar with the 
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In general, however, we may 


problem of motivating people to do their best. Indeed, 
he deals daily with the problem of getting each worker 
to use approved methods and to continue to use them 
steadily all day long with a good working effort. The 
way he most commonly accomplishes this is through the 
use of incentive wage payment. 

Financial incentives are certainly an important moti- 
vating force. But so too are non-financial incentives 
which the manager must use even more than financial 
incentives. The Industrial Engineer turned manager must 
learn to use the motivational forces provided by such 
things as inspiring ideals, recognition and prestige, identi- 
fication with a worthwhile cause or project, and the op- 
portunity to wield power. The skilled manager uses emo- 
tional factors to motivate his people, factors which may 
differ for each person he supervises. Because he deals so 
much in facts, the Industrial Engineer has to develop skill 
in using emotional incentives when he becomes a man- 
ager. His previous training gives him only “partial” skill 
in motivational techniques, and we must so record it on 
our score card. 


DIRECT, GUIDE AND COUNSEL 

The next element of managing, number 8, is “direct, 
guide, or counsel.” This is the element that provides 
leadership during the performance of the work. The In- 
dustrial Engineer does not customarily do much of this in 
connection with his Industrial Engineering work. He 
gathers and synthesizes facts, plans and decides on or at 
least recommends improvements, organizes the work and 
tells others about it, and motivates people to do it by the 
use of standards, performance controls, and often wage 
incentives, but once this framework has been established, 
he usually leaves it to the line supervisor to see that the 
work actually gets done. 

The line supervisor takes over at this point and through 
giving suggestions, orders, or additional information or 
by teaching how the work is to be accomplished sees that 
the established objectives get carried out. Thus Industrial 
Engineering work does not provide leadership training to 
any great extent, at least insofar as direct leadership 
aimed at getting specific tasks done is concerned. We 
must give the rating of “insufficient” for the element of 
“direet, guide, or counsel,” for this is one of the elements 
of managing the Industrial Engineer must learn a good 
deal more about when he becomes a manager. 


MEASURE, EVALUATE AND CONTROL 

The next element is “measure, evaluate, and control.” 
This is one with which the Industrial Engineer is thor- 
oughly familiar. Indeed an important part of his working 
day is devoted to doing just that. As a manager, he may 
have to use somewhat different measurement and control 
techniques than he used as an Industrial Engineer and 
may have to apply them to many people besides the 
factory workers, but the principles of application are 
much the same. Measurements are sought which will 
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make it possible to evaluate how well a task or project 
is being accomplished. The basis for control action is pro- 
vided by comparing actual accomplishment with the 
results that measurement has shown are attainable. Up 
to this point, the Industrial Engineer is right at home. It 
is only when it becomes necessary to take control action 
when performance is not up to expectations that he may 
find himself on unfamiliar ground. This is something 
customarily done by line management rather than the 
staff functions. Nevertheless, element 


“measure, evaluate, and control” is concerned, the train- 


insofar as the 


ing provided by Industrial Engineering experience should 
definitely be rated as “good.” 


DEVELOPING PEOPLE 


The next to last element of managing is called “de- 
veloping people.” This is one of the obligations implicit 
in the job of managing. The manager must get results 
through others. It follows, therefore, that if these others 
are adequately qualified through proper development, the 
results he will obtain will be better than would otherwise 
be the The 


clearly, and in the course of his work, he endeavors 


case Industrial Engineer recognizes this 
through instructions, training, and coaching the foreman 
to see that the workers develop the skills and know-how 
needed to do the work properly. His efforts, however, are 
largely in connection with getting the workers to use the 
proper methods with normal skill. He is not called upon 
to develop the worker as a man and leader of men, but 
only largely as a maker of motions. 

Thus once again when the Industrial Engineer turns 
manager he has something new to learn. As a manager, 
he has the responsibility implied by his very position to 
do what he can to insure continuity of operation. This 
means that he must foster the development of those who 
will in due time succeed him. He must encourage the 
development of managing skills within at least a portion 
of his people, and this, of course, means a good deal 
broader kind of development than he was accustomed to 
thinking of as an Industria] Engineer. Our scoring on 
the element of “developing people,” therefore, can be no 
higher than “partial.” 


PROMOTE INNOVATION 


The final element of managing is “promote innovation.” 
This is right down the Industrial Engineer’s alley. His 
whole training and experience is in the field of finding new 
and better ways of doing things. Although he seeks inno- 
vation and improvement as an Industrial Engineer 
largely in the activity area of production, he cultivates a 
deep-seated dissatisfaction with things as they are which, 
when he becomes a manager, he finds it natural to carry 
over into the other activity areas such as research and 
development, marketing, and finance and control. Per- 
haps the only important thing he will need to learn about 


promoting innovation as a manager, if he has not already 
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learned it, is not to try to promote it at a rate faster 
than his organization can absorb it. As far as our scoring 
is concerned, the training provided by Industrial Engi- 
neering experience on the element “promote innovation” 
is definitely “good.” 


THE SCORE 


Now, let’s look at our score card. If you have accepted 
my scoring (and once again I readily admit that there 
is room for difference of opinion depending upon one’s 
concept of the kind of work normally done by Industrial 
Engineers and of what the typical Industrial Engineer is 
like) you will note that the Industrial Engineer has a very 


Training Provided by Industrial Engr. 
Elements of Managing Good Partial Insufficient 


Gather information x 
Synthesize information 
Plan 
Decide 
Organize 
Communicate 
. Motivate 
§. Direct, guide, or counsel 
Measure, evaluate, and control 
. Develep people 


11. Promote innovation x 


good start on his training for managing work. In five of 
the eleven elements of managing, we have rated the 
training provided by Industrial Engineering as good. On 
four others, we recognize that Industrial Engineering 
experience provides partial training, although the train- 
ing usually needs to be broadened, particularly in the 
areas of human and group relations as the organization 
level is elevated at which these elements of managing are 
applied. On only two elements have we indicated that the 
training provided by Industrial Engineering experience 
is insufficient for managing purposes. These are in the 
areas of decision-making where the full responsibility 
for the results stemming from the decision rests on the 
shoulders of the decider and the personal leadership skills 
required for line work. 

Some Industrial Engineers find these skills easy to 
acquire. Indeed they may have already partially or fully 
developed them either as Industrial Engineering super- 
visors or through previous experience in work of a line 
nature. Others do not acquire these skills easily and in 
fact may never acquire them. These are the ones who 
have a genuine liking for staff work, those who prefer to 
get results through the rational persuasion of others 
rather than by the exercise of direct authority. Such 
people may prefer to remain in Industrial Engineering 
work, or they may, if they have the other necessary at- 
tributes, eventually become consultants. 

It should be evident from this analysis that the fact 
that so many Industrial Engineers are promoted into 
management positions is no accident. Their training and 
experience fits them well in many respects for this kind 
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oi work. In addition, the Industrial Engineer usually has 
an exceptionally good understanding of most of the other 
functional areas of the business, because his work as an 
Industrial Engineer is such that he comes into intimate 
contact with them. 

But Industrial Engineering experience alone does not 
insure success as a manager. The Industrial Engineer 
turned manager needs to develop additional skills to 
supplement those he already has, which as we have said 
some people find it hard to do. In addition, he needs to 
retain all of the pertinent skills that he developed as an 
Industrial Engineer. Some newly appointed managers 
tend to become so interested in the line aspects of their 
new work and in the active direction of people that they 
tend to become so interested in the line aspects of their 
of their work for which their previous training in Indus- 
trial Engineering fitted them so well. They must remem- 
ber that managing is a three-step process of: 


Establishing objectives 
Directing the attainment of objectives 
Measuring results 


To concentrate on step 2 may be a natural tendency for 
an Industrial Engineer newly turned manager, but if he 
does, he is neglecting two-thirds of his job. He must use 
all of the elements of managing in balanced relationship 
if he is to be a success as a manager. 


I. E. STILL NEEDED 


One final word of caution. In demonstrating why it is 
that Industrial Engineers make good material for man- 


agement positions, we must never lose sight of the im- 
portance of Industrial Engineering. American industry 
needs good managers if it is to retain its position of world 
supremacy. But it needs good Industrial Engineers too. 
So although the Industrial Engineering Department may 
well be used as the seedbed of management, there is an 
optimum rate at which transplanting and replanting 
should take place if the vital Industrial Engineering func- 
tion is to be maintained at peak effectiveness. 

The Industrial Engineering Department should never 
be so denuded of capable people that the quality of the 
work which it does is lowered. Especially in companies 
which are growing and expanding rapidly, it should be 
recognized that the element of managing called “develop- 
ing people” applies to Industrial Engineers too. As man- 
agement strengthens itself by drawing capable, experi- 
enced men from the Industrial Engineering Department, 
it must see that the Industrial Engineering replacements 
are in turn properly trained and instructed so that the 
effectiveness of the department is not gradually diluted. 
Inexperience can never be permitted totally to replace 
experience. 

But this is no real problem for the manager who recog- 
nizes the problem and plans ahead. It is possible to re- 
plenish or expand the managing staff with the help of the 
Industrial Engineering Department and at the same time 
maintain the efficiency of the vitally important Industrial 
Engineering Department. All that is needed is a recogni- 
tion of the importance of developing people at all or- 
ganizational levels and the willingness to do the things 
that are necessary to secure this development. 
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An expert on the subject, Phil Carroll, shows you 
exactly how to take on cost control problems—and 


solve them—at all levels in the plant or shop. Fore- 
men, supervisors, engineers, timestudy men—all can 
use these specific facts, data, and methods to get on 
top of cost problems in quick order. 
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this Library points out the foreman’s responsibilities 
for costs—gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating 
waiting time, scrap, and so on. 
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An Approach to Promoting the Applications 
of Statistical Techniques by the 
Industrial Engineer 


by RICHARD A. DUDEK®* 


in Management Engineering, Schools of the Health Professions, and 
Department of Industrial Engineering, University of Pittsburgh 


Is ‘REASING interest in statistical techniques for the 


field of Industrial Engineering is apparent from the many 
articles concerning these techniques which are appearing 
in current Industrial Engineering literature. It is prob- 
able that increased use of the tools of statistics would 
promote greater precision in the analysis of many prob- 
lems which the Industrial There 


seems to be little doubt that the Industrial Engineering 


Engineer encounters 


profession must endeavor to promote the use of statisti- 


cal tools as extensively and rapidly as possible. This 
article will attempt to point out one approach by which 


adaptation of these tools may be achieved more quickly. 
HIGHER MATHEMATICS 


The techniques of higher mathematics have been used 
as tools to obtain more precise and quantitative methods 
in many situations. During the “maturing process,” other 
professions went through transition periods similar to 
that which appears to face Industrial Engineering. It 
would be well to note how these professions coped with 
the situation of quantifying their approach to problems. 


As the 
mists, 


biologists, psychologists, agriculturists, econo- 
and others required more precise quantitative 
methods of analysis, they borrowed from the disciplines 
of statistics and advanced mathematies. In many in- 
stances these professions adapted the techniques to their 
specie needs, and in the process, contributed to the ad- 
vancement of the discipline from which they borrowed 
might cite R. A. 


experimentation in agricultural 


As an example one Fisher’s factorial 


design of research. It 


seems that Industrial Engineers, 


who have a thorough 
background in basic mathematies, might gain by emulat- 
ing these “older” professions 

\ portion ol the material for this article was obtained by the 
uthor while working for the degree of Doctor of Philosophy, in 

Department of Industrial and Management Engineering in 
the Graduate College of the State University of Iowa under the 
guidance of Professor J. Wayne Deegan (2) 

The author 1s presently Profe ssor and Head, Departme nt of 
rechnologi il Colle ge, Lubbock, 


11 Engineering, Texas 
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Associate Profe ssor, 


There are publications within these “older” profes- 
sional groups which the Industrial Engineer might find 
useful. This literature contains many articles discussing 
and explaining specific applications of mathematical 
methods to various kinds of problems. Of course, the 
usual problems are those of interest to the profession in 
which the publication is most widely circulated. 

The Industrial Engineer would have to study these 
articles not only from the standpoint of the method of 
applying the mathematical tool, but also from the stand- 
point of comparing the characteristics of the problems 
attacked with the problems he is encountering. He would 
have to translate the variables and problems discussed 
into Industrial Engineering variables and problems which 
have analogous characteristics. That is, it would be 
necessary for the Industrial Engineer to make a transi- 
tion from the psychological, economic, or other problem 
discussed to a problem of cost reduction, plant laycut, 
machine choice, ete. Once the transition was made, 
though, several new ideas for methods of approaching 
problems in 


management and Industrial Engineering 


with precise analytical tools might become apparent. 
STATISTICAL PROCEDURES 


Many authors of articles in these publications explain 
statistical procedures in nonmathematical language. This 
point is made by Mosteller (3) in the opening para- 
graph of the Statistical Theory and Research Design 
section of the 1953 Annual Review of Psychology. He 
states: 


During 1951 and 1952 there has been a continuation, of the 
trend to present in nonmathematical language statistical material 
not so long ago available only to readers willing and able to cope 
with strong doses of mathematics. These expository articles state 
the assumptions underlying the statistical models they discuss, 
and sometimes offer alternative procedures with differing assump- 
tions for solving the same problem. Some articles present ex- 
amples worked in detail so readers are supplied with a program 
for computation 


This work provides a summary of much of the work 
done in 1951 and 1952 along the lines expressed in the 
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above quotation. That many areas of statistical proce- 
dures are covered is indicated by the sub-topies of this 
section, which are: Test Methods, Selection Procedures, 
Nonparametric Statistics, Ranking Methods, Contingency 
Tables, Regression, Quick Methods, Effects on Some 
Common Statistics of Departures from Assumptions, 
Suggestions for Models or Transformations, Surveys, 
and Sealing. It seems apparent that the Industrial Engi- 
neer might find publications such as this of considerable 
aid, especially in statistical methods, in approaching 
many of his problems. 

In giving consideration to publications of other disci- 
plines, mention should be made of the writings with re- 
spect to mathematical procedures in the technical jour- 
nals* of the mathematics profession. Of course, in these 
publications, the case study approach or explanation of 
the application of mathematical methods to problems of 
Industrial Engineering and management are minimal. 
The general approach is of a technical nature in the ex- 
planation of the theory of new mathematical procedures. 
These publications, therefore, would have the greatest 
meaning and be of the most help only to those indi- 
viduals who have a good foundation in theoretical sta- 
tistics and mathematics. The individual will have to make 
the transition from theory to practical application him- 


self, and for those Industrial Engineers who could per- 


form this function these publications would be of con- 
siderable value. 

An article titled “The Constant-Sum Method Applied 
to Sealing Subjective Dimensions” (1) appeared in The 
American Journal of Psychology. This article will be 
used to illustrate how methods of other disciplines might 
be applied by the Industrial Engineer. 

The summary of the article was: 


The constant-sum method was employed to obtain scales for 
subjective dimensions represented by “roughness” of sandpapers 
and “prefere nee” for eckties. With respect. to roughness it was 
found that Os (observers) agreed with themselves and with each 
other at least on the rank-order of stimuli, and a number of spe- 
cific relationships within the sets of scale-values were common 
to all Os. For the preference-dimensions, there was a fair degree 
of agreement between scales determined for different groups and 
between scales determined for the same group on two occasions 
There were, however, sex-differences with respect to the placement 
of items on this dimension. It was concluded that consistencies in 
scale-values indicated measurement on scales that reflected more 
than merely the ordinal characteristics of items, although the 
requirements of a true ratio-scale may not have been met fully 
The implications of these results were discussed and various prob- 
lems arising in attempting to determine the characteristics of 
seales determined for subjective dimensions were considered 


* These include such publications as: The Journal of the Ameri- 
can Statistician, The Annuals of Mathematical Statistics, The 
Royal Statistical Society Journal, Mathematics Magazine, Ap- 
plied Statistics, The American Mathematical Monthly, The Amer- 
ican Statistical Association Journal, and The Journal of Mathe- 


matics and Physics 
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PRODUCTION SCALES 


To make a transition of this discussion to a problem 
in Industrial Engineering, one must visualize in what way 
“seales for subjective dimensions represented by ‘rough- 
ness’ of sandpapers and ‘preference’ for neckties” sug- 
gest areas of application. Consider first the term “sub- 
jective dimensions.” Many Industrial Engineering pre- 
dictions are based on estimates or trends, for example, 
predicted production figures used in production control. 
Usually these figures are based on expected sales and/or 
historical data as they are assumed to predict consumer 
demands. Measures such as predicted production figures 
are analogous to “subjective dimensions” for the psy- 
chologist. Next, consider the term “scales for.” It would 
be very helpful for the Industrial Engineer to have a 
measuring “scale” for his predictions, such as predicted 
production figures or expected sales which would per- 
mit more objectivity in the production control tech- 
niques. Just as the psychologist is interested in “scales 
for subjective dimensions,” the Industrial Engineer is 
interested in scales for predicted production figures. Last, 
consider the phrase “represented by—‘preference’ for 
neckties” or any other product. Predicted production 
figures or expected sales reflect to a great degree the 
“preference” of the consumer for the various products 
manufactured by the plant. 

Thus it follows, if “subjective dimensions” can be 
measured it would be well for the Industrial Engineer to 
base predictions on this type of “measuring scale.” 

Now that the transition of terms has been given con- 
sideration and some applications seem apparent, it 
would be well to consider the technique in detail. For 
purposes here, consideration will be given only the 
“ ‘preference’ for neckties” experiment as follows: (1) 

Method. The Os were volunteers from undergraduate psy- 
chology courses. To investigate possible sex-differences in pref- 
erence, and to have some Os give ratings on two occasions, three 
independently constituted groups were employed: Group A, 29 
men who rated the stimuli only once; Group B,, 19 men who 
judged the stimuli in two sessions a month apart, hereafter 
designated as B: and B:; and Group C, 29 women who judged 
the material only once 

The stimulus-objects judged were eight equal-sized, printed, 
color-productions of neckties. To control color as a variable, the 
samples were predominantly blue. There were 28 possible pairings 
of the 8 ties, and the order of presentation for judging was random 
except for the restriction that no tie appeared in successive pairs. 
Each pair was shown on a large screen by means of an opaque 
projector. The Os were instructed to divide 100 points between 
the members of each pair so as to indicate their relative degree 
of “liking” for the two ties. These judgments were made following 
a series of 20 judgments of line-lengths, which provided some 
experiences in making judgments in terms of point-divisions 

Results. Procedures used to compute scale values were the 
same as in Experiment I. Scale-values of the neckties as deter- 
mined for the various groups are shown in Fig. 2. 

It is apparent from Fig. 2 that the two groups of men agree 
quite closely with respect to the order of stimuli. One index of 
this agreement is tau, a coefficient of agreement based on the 
number of interchanges necessary to make two sets of orders 
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Fic. 2. Scale-Values of Eight Neckties as Determined 
for Three Groups of Judges 


correspond. With two interchanges the order of items for Group A 
corresponds to the order for Group B, (t 0.86) and only one 
interchange results in orders identical for Group A with those 
Irom Group B, (t = 0.93). Three required to 


make orders for Group B, and B, comparable (t 0.79). Thus it 


interchanges are 


ippears that two independent groups of judges agree as well as 

do two judgments made by the Same group on separate occ asions 

\{ mere count of interchanges dees not reflect certain important 

uniformities manifested in the sets of seale-y ilues for the groups 

ol men 

Analogous with the roughness judgme nts, rather striking con- 

sistencies with respect to the relative distances maintained be- 
tween stimulus-objects are evident from group to group 

In general, the agreement between orders for women and men 

is somewhat poorer. The 4, 6, and 3 interchanges required to bring 

esponding orders yield ts of 0.71, 0.57, and 0.79, re- 

Although all coefficients are significant, sex-differences 

res} t to 


preference for the neckties are suggested 


Although 


phase, as indicated in the summary of the article, it does 


this technique is still in an exploratory 
present an approach to the solution of a problem which 
would seem to have relevance in production planning. 
It would provide a method for obtaining certain kinds 
of information which would be of practical value. Even 
though the psychologist views the technique of using 
these subjective measures as a “methodological issue” 
since the requirements of a true ratio-scale may 
not have been met fully” (1), the Industrial Engineer 
ould transform this technique into a useful method for 
solving some of the immediate problems with which he 
is faced. For example, the technique might be applied 
in production control, to make more precise or more re- 

ble estimates of predicted production figures for var- 
lous products 

Use of the “Psychological Seale of Preference” and 
the predicted preference of “Group A” (Figure 2 in the 
quoted material) will be used here to exemplify the pos- 
sible application of this technique to production con- 
rol. It will be assumed that the sales department or the 
market research department will provide the production 
control department with the predicted total sales for the 
for example, 10,000 gallons of ice 


ream in the coming month. The production control de- 


orthcoming period, 


Janvary—february, 1959 


partment knows the various competing flavors of ice 
cream that must be produced and might schedule pro- 
duction of the various flavors based on past sales of each 
type. Consider the possibility that seale values for the 
preference of the competing flavors are available, ob- 
tained by the method described in the necktie experiment 
cited, say (from Seale A, Figure 2) flavor A = 1.00, B 
1.13, C = 1.24, D = 1.70, E = 2.14, F = 2.19, G = 2.43, 
and flavor H = 4.10. Now the prediction would be that 
output should be geared in these ratios so that the items 
will be produced in proportion to their expected sales. 
The formula: 

S 


‘ 


P, —_ 


x TS 


Where: 
P;= The production output of item 7. 
S;= The seale value of item 7. 
¢=1,2. 3. -, norin the case cited A,B,C ---,H. 


TS =Total sales 


can be used to convert predicted total sales into produc- 
tion output figures for each of the various items. In this 
case, the production of flavor A would be 630 gallons, 
flavor B = 710, C = 780, D = 1,070, E = 1,314, F 
1,370, G = 1,520, and production of flavor H would be 
2,580 gallons. Thus, knowing total sales, production fig- 
ures for all products can be predicted provided that the 
sales of the items follow the measured preferences for the 
items. Now suppose a new product is added to the pro- 
duction schedule. There are no past sales upon which 
predicted production figures can be based, but a prefer- 
ence scale value for this new item can be obtained. So, 
with use of the foregoing formula the predicted produc- 
tion figure for this new product can be established. 

There are obvious complications which can be en- 
countered with this technique. These could arise if the 
sales and thus the production of the products are de- 
pendent on many variables or features, i.e., a group of 
products where price, design, color and size vary for 
each product and can affect preference. All of these vari- 
ables would have to be considered as part of the stimuli 
affecting consumer buying habits. These considerations 
do complicate the picture but do not represent any real 
limitations so far as method is concerned. 

There may be certain situations to which the technique 
described above would be directly applicable after a 
short test period. However, it is more likely that the ap- 
plication of this technique of scaling would require modi- 
fication and extensive validation before the Industrial 
Engineer could include it in his kit of tools for produc- 
tion control. This example does not represent a tried and 
true technique for production control. The author has 
cited this case in an attempt to show how the terms of an 
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apparently unrelated discipline (in this instance psy- 
chology) ean be translated into Industrial Engineering 
terms and therefore possibly be of help to the Industrial 
Engineer. 

Many techniques that are described in the publica- 
tions of other disciplines might be “adapted” to similar 
problems as they are encountered in Industrial Engineer- 
ing. In the majority of the cases the technique cannot 
be just borrowed and applied, but it might be made to 
fit the Industrial Engineering problem. It may be a more 
reliable or better method than the one that the Indus- 
trial Engineer uses at present. Becoming familiar with 
techniques of other disciplines also will give the Indus- 
trial Engineer a new or different approach to the prob- 
lem, and in this way possibly suggest a more refined or 
more valid method for attacking management problems 
The Industrial Engineer may also contribute to the ad- 
vancement of statistics and mathematics through the 
development and application of new approaches to man- 
agement problems. 


SUMMARY 


Consideration has been given an approach to promot- 


ing the application of statistical techniques by the In- 
dustrial Engineer. This approach is that of borrowing 
from some of the “older’’ professions which have adapted 
the techniques and contributed to the advancement of 
the disciplines of statistics and mathematics, for ex- 
ample: agriculturists, biologists, economists, psycholo- 
gists. A case was cited indicating the necessary transla- 
tion of terms from the “foreign” discipline to the terms 
of Industrial Engineering. It seems apparent that the 
Industrial Engineer could make considerable use of sta- 
tistical applications in other disciplines by visualizing 
and translating the variables and problems of these cases 
into Industrial Engineering terms. 
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Safety Performance Measurement 


by THOMAS H. ROCKWELL 
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Ox: of the frustrations that has plagued those who 
labor in the field of accident prevention has been the 
problem ol the 


measurement of safety performance 


Safety practitioners and researchers alike are forced to 
measure the effectiveness of their work by vague, invalid 
and insensitive criteria such as lost time accidents, acei- 
dent frequency rates or first aid cases. The use of such 
poor measures of effectiveness complicates an already 
overly complex problem area which involves many mis- 
interpreted, ill defined and unquantitative terms such as 
accident proneness, safety morale, job hazard, safe atti- 
tude, unsafe act, fatigue and safety motivation. The prob- 
lem of criterion measurement is certainly not unique to 
the safety field. Measurement is an absolute prerequisite 
to control whether this be the control of production or 
accidents. Accurate measurement teamed with proper 
control provides prediction of future performance. Present 
attempts to control accidents and their consequences can 
be well described as trial and error chiefly because ade- 
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quate measures of the effectiveness of this control do not 
exist. 

The safety engineer or supervisor in formulating an 
accident prevention program is continually confronted 
with this problem. Inspections, training programs, safety 
contests, ete., are initiated under various levels of effort 
and evaluated by the only measures available, namely, 
lost time accidents, first aid frequency or accident costs. 
Because lost time accidents are rare events (especially 
when interpreted under ASA Z16.1-1954) and first aid 
cases are subject to serious reporting inaccuracies, the 
safety director is faced with only an intuitive notion of 
the effectiveness of various accident prevention methods. 
The researcher in this field faces the same criterion 
problem. The inability to reproduce the accident phe- 
nomenon in the laboratory forces him to make use of 
criteria which are hopefully related to accidents, such as 
operator error (as operationally defined). Despite the 
fact that measurement is so critical in accident control, 
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the majority of efforts in accident prevention have been 


concerned with techniques of control, such as guard de- 
sign, training, ete. Little research has been devoted to 
the problem of how to evaluate the effectiveness of these 
control techniques. 


CHARACTERISTICS OF AN IDEAL SAFETY PERFORM- 
ANCE MEASURE 

One approach to this problem would be to consider 
some of the characteristics of a good criterion of safety 
performance. Of prime importance is the necessity for 
a criterion to be quantifiable. Qualitative evaluation of 
safety performance prohibits statistical inference and 
opens the way for individual interpretation. The ideal 
criterion(a) of safety performance should permit statisti- 
cal inferential procedures, because like most other meas- 
urable quantities dealing with human behavior, safety 
performance will necessarily be subject to statistical 
variation. The criterion should also be valid or repre- 
sentative of what is to be measured. Does safety involve 
the minimization of disabling injuries and first aid cases 
or the minimization of all consequences of unsafe be- 
havior and unsafe conditions? Near accidents or no in- 
jury accidents constitute a dilemma in this regard since 
their occurrence may result in a cost to the company and 
signal future disabling injuries Moreover, the effect of 
unsafe behavior on production efficiency in the absence 
of property damage or injury may constitute a considera- 
ble cost to the organization and yet go on unmeasured. 
Despite the fact there is no injury or property damage, 
unsafe behavior of itself requires the attention of the 
safety supervisor. The oft-used aecident frequency rate 
is thus a poor indicator of safety performance since it 
fails to take into account other associated consequences of 
unsafe behavior and unsafe conditions. A third charac- 
teristic of an ideal measure of safety performance is that 
it should be reliable to the extent that it provides mini- 
mum variability when measuring the same condition. The 
repeatability of a measure is related to the accuracy or 
precision of the measurement itself. In safety this in- 
volves the notion of reporting. First aid frequency has 
always had dubious reliability since under identical situa- 
tions some workers will report for first aid while others 
will self-administer minor injuries Associated with re- 
liability is the need for a criterion to be stable. This in- 
volves the maintenance of a given range of values under 
repeated measure of worker behavior and environmental 
conditions. An ideal measure of safety performance must 
also be sensitive to changes in environmental or be- 
havioral conditions This characteristie of a good cri- 
terion is significantly lacking in present-day safety meas- 
urement. Since lost time accidents are rare events, the 
Initiation of a training program, for example, may not 
be reflected in reduced accident frequency rates. With 
insensitive measures of safety performance, the proper 


evaluation of accident prevention methods becomes ex- 
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tremely difficult. Finally, a criterion should be both effi- 
cient and understandable. Efficiency requires that the cost 
of obtaining and using the measurement is consistent with 
the benefit to be gained. Near accident measurement is 
a good instance of a criterion which requires excessive 
cost to obtain and verify. To be understandable suggests 
that the criterion be of such nature that it can be compre- 
hended by those charged with the responsibility of using 
or approving it. Statistical measures are often confusing 
to the uninitiated, and terms such as emotional insta- 
bility, neurotic, ete., in addition to possessing inherent 
problems of quantification, have little meaning to the 
average manager. 

These characteristics of a good criterion briefly out- 
lined above are rarely achieved in any one measure. 
Sometimes a combination of measures can provide a 
reasonable compromise. The fact remains, however, that 
in the field of accident prevention, presently used meas- 
ures of safety performance are inadequate in many of the 
characteristics cited. The criterion described below pos- 
sesses many desirable criterion characteristics, particu- 
larly when viewed as a measuring instrument for research 
in safety problems. 


UNSAFE BEHAVIOR AS A PERFORMANCE CRITERION 

Since the initiation of the safety movement after the 
turn of the century, more and more emphasis has been 
directed to the control of behavioral rather than environ- 
mental conditions which contribute to accidents. Alert 
safety departments armed with modern engineering 
methods and backed by state safety codes have elimi- 
nated the hazardous workshops which were born with 
the sudden industrialization of our economy. Studies 
overwhelmingly point to the dominant role of unsafe be- 
havior in accidents today. Heinrich’s 88:10 ratio of per- 
sonal to environmental causes of accidents while over- 
generalizing the situation, at least is indicative of the 
belief of accident preventionists (1). Moreover, it 1s 
unfortunately true that despite efforts to safeguard equip- 
ment, workers often have little trouble removing this 
protection and subjecting themselves to injury. A glance 
at the efforts of safety practitioners shows that the prin- 
cipal share of time and dollar expenditures is directed 
at methods of promoting safe behavior. This does not 
suggest that unsafe conditions are nonexistent, but that 
the greatest gain in accident reduction lies in the elimina- 
tion of unsafe behavior. 

Viewed in another light, the initiation of such accident 
prevention methods as training programs, safety contests, 
propaganda, inspections, safety committees, ete., is prin- 
cipally designed to modify behavior and indirectly to 
reduce accidents. The difficulty suggested by this analysis 
is the problem of how this behavior is measured. One 
method of measuring this behavior is to operationally 
define what constitutes unsafe behavior and measure the 
extent of its occurrence. Research has recently been con- 
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ducted using activity sampling methods to estimate the 
extent of this unsafe behavior on a plant-wide basis 
(3). This procedure has several advantages: A. it enables 
the collection of a large sample of behavior in a minimum 
of time; B. it permits the calculation of sampling error; 
C. taken without operator cognizance, it provides a valid 
indicator of safety behavior. 

The procedure essentially consists of an observer tak- 
ing instantaneous random*observations in time and noting 
whether the worker is engaged in safe or unsafe behavior. 
All worker behavior is thus dichotomized as safe or un- 
safe. Unsafe behavior involves known violations of safety 
regulations or behavior which can be reasonably construed 
to be unsafe in consideration of existing environmental 
conditions. Usually the plant safety engineer and depart- 
ment foreman can list those instances of operator be- 
havior which, for the particular job under study, have 
been known to result in first aid or lost time accidents, 
since the unsafe act is normally included in accident and 
first aid reporting. It should be noted also that the pro- 
cedure necessarily requires that the behavior be observa- 
ble, e.g., it would be extremely difficult to use this method 


of measurement on operators working in concealed spaces 


AN APPLICATION OF THE METHOD 


A recent application of this method (2) was made to 
eight assemblers in a large aircraft manufacturing plant.’ 
The eight workers included six men and two women, all 
of whom had been employed in this type of work for four 
years. Moreover, all had worked for the company for at 
least six years and had been equally exposed to plant 
safety regulations during this period. The purpose of the 
study was to evaluate this procedure as a criterion of 
safety performance in terms of its practicality, stability, 
sensitivity and relationship to other currently used safety 
criteria. The determination of an unsafe act on this job 
was stipulated by the chief safety engineer and consisted 
principally of violations of company safety regulations 
and behavior specifically prohibited in this work. Each 
worker carried the same job description and performed 
the same tasks. The opportunity for commission of un- 
safe acts was assumed equal for every period in time 
since the work cycle was begun at all times throughout 
the day. These unsafe acts included the following: 

Working with loose tools underfoot 

Working without goggles when required 

Working under suspended loads 

Failure to use guards as provided 

Working in unsafe postures 

Wearing improper or loose clothing 

Use of shock tools with mushroomed heads 

Improvising unsafe ladders and platforms 
9 Running 


10. Misuse of air hose 

The author is indebted to the Safety Department of North 
American Aviation, Inc., Columbus Division, for their generous 
cooperation in this study 
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The observer was instructed to take random samples 
(in time) of the eight operators from a catwalk above 
the job site. The workers were not aware of the study. 
In fact, in order to insure unbiased results, the depart- 
ment foreman was not informed of the survey until its 
completion. Twenty observations of each operator were 
made for 17 work days. The results of the study are 
shown in Table 1. For each operator the daily proportion 
of unsafe behavior was recorded. Those days in which an 
operator was absent are indicated by the letter “A” fol- 
lowed by the average reading for that worker for the 
entire study. 


DATA ANALYSIS 

The data was first analyzed by conventional quality 
control chart methods. Figure 1 shows the group data 
plotted over the 17 days of the study. The data can be 
viewed as consisting of four distinct periods. The first 
period is one of stable performance; all values lie within 
2 sigma limits of the average proportion of .175. The 
second period consists of the 3 days following the first 
safety inspection on the 8th day. The average proportion 
of unsafe acts here is .10. The third period shows the 
return of the group behavior to the original average 
proportion. The fourth period consists of the four days 
following the second inspection on the 14th day. 

The effect of inspections on safety behavior is most 
striking when viewed in control chart terms. The inspec- 
tion on the morning of the 8th day dropped the proportion 
of unsafe acts from .21 to .06 and after 3 days the propor- 
tion returned to its previous level. This inspection was 
part of normal plant practice. Each month the safety de- 
partment made an unannounced inspection of each op- 
erating department. It was decided to coincide this in- 
spection with the safety study to evaluate the effect of 
inspections on operator safety behavior. During the in- 
spection, which took about 2 hours, both unsafe acts and 
unsafe conditions were checked. The assembly depart- 
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ment received a high rating at this inspection. At the re- 
quest of the chief safety engineer a second inspection was 
made to evaluate the effect of consecutive inspections on 
the group. Although a second inspection was not usually 
made so soon after a previous inspection, it still had a 
sharp influence on safety behavior. The proportion of 
unsafe acts dropped from .165 that morning to .04 that 
afternoon and returned to normal after three days. 

Further analysis of the data by analysis of variance 
methods showed that there was a significant difference at 
a .17 significance level between the mean performance 
of the individual operators. This same result was demon- 
strated with the data classified for all 17 days and for the 
11 days of stable group performance (inspection effect 
removed) 

With data cross classified by operator and all 17 days, 
the mean perlormance of the individual days was signifi- 
cant at the 5% level. With the inspection effect removed 

i.e., days 8,9, 10 and 14, 15, 16) there was no significant 
difference in day performance at the 20% level. This sup- 
ports the division of the total data into the four periods 
as shown in the control chart analysis. The difference in 
individual operator performance is also verified by in- 
spection of Table 1 and the control chart analysis of 
Figure 2 where the behavior of two operators is shown. 
Worker No. 2 has the highest over-all average proportion 
and worker No 


safe behavior 


t has the lowest average per cent of un- 


The data were also analyzed to determine the relation- 
» between safety behavior and other indices of per- 
ince. The first question was whether one could pre- 

st time accidents or first aid 


frequency from 


dge of unsafe behavior. In examining the safety 


eight assemblers it was found that none 

had a lost time accident. Using first aid fre- 

it was found that the top three of the eight work- 
terms of unsafe aets accounted for 60 percent ol 
rst aid cases of the group. The use of rank cor- 
ids, however, yielded a coefficient of only 
workers were ranked in terms of first aid 


eases and percent unsafe acts. The size of the sample of 
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workers prohibits any conclusion about this analysis. 
However, there does appear to be some relationship which 
would warrant further investigation. 

One question which is of extreme importance in using 
unsafe acts as a measure of safefty performance is 
whether there is a relationship between production effici- 
ency and percent unsafe acts. In the plant studied, no 
record of individual employee output was maintained, 
so no direct comparison was possible. After the study the 
foreman and assistant foreman were asked to rank the 
workers according to their productivity. Their combined 
rankings were compared to the ranking of the workers 
with respect to average percent unsafe acts. The resulting 
rank correlation coefficient was +.571. Despite limita- 
tions in sample size the data strongly suggest that for 
this particular department some risks may be required 
for workers to be maximally productive. This result is in 
sharp contradistinction to plant studies that positively 
relate safety and production efficiency (4). 

A third analysis of the data was made to relate the 
occurrence of unsafe acts and time off the job (not ab- 
senteeism). The latter was from the work 
sampling data. The workers were again ranked with re- 


available 


spect to time off the job and average percent unsafe acts, 
rank + 552 


which shows some positive relationship within the limits 


The resulting correlation coefficient was 
of the sample size. Further study might indicate whether 
time off the job and unsafe behavior are directly related 
or merely manifestations of some personal characteristics 


of the operator. 


SUMMARY 

The stability and sensitivity of this measure as demon- 
strated in Figure 1 in this study offers several interesting 
possibilities. The observed relationship between the pro- 
portion of unsafe acts and first aid frequency suggests 
that this measure may be used to predict lost time aceci- 
dents and first aid cases before their occurrence. The 
small sample used in this study, however, prohibits any 
generalizations at this point. The prospect of relating pro- 
ductivity and unsafe behavior certainly seems to warrant 
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further study. It may well be that a positive relationship 
exists here that has been overlooked by safety practi- 
tioners. The consequences of unsafe behavior may not 
just be lost time accident and first aid costs, but may 
involve a decrease in production efficiency and the cost 
associated with this inefficiency. Past research on the re- 
lation between safety and production efficiency has been 
on a plant-wide basis (4). Such studies have simply 
shown that safe and efficient plants are compatible. This 
fact, however, has little significance because so many 
other factors are involved. An enlightened management 
is likely to be both safety conscious and efficient in 
production. With the suggested criterion of safety per- 
formance it would be possible to test this relationship 
on an individual operator basis. 

Other research possibilities include the measurement 
of the effect of nearby accidents, safety training, super- 
vision, propaganda methods, placement, and safety con- 
tests on operator unsafe behavior. Moreover, attitude 
tests could be given to workers to see if favorable atti- 
tudes toward safety are reflected in safe behavior. If the 
effect of inspections on behavior can be measured as in- 
dicated in the reported study, then this might suggest 
the optimum allocation of inspection activity to various 
departments to obtain maximum results. In addition, it 
could provide the safety supervisor with information as 
to how often a department should be inspected to main- 
tain the best results in terms of safe behavior. If the 
results of this study are at all indicative, it would be pos- 
sible to objectively test many of the assumed relation- 
ships in the field of safety, such as the effect of age on 
safe behavior. Ultimately, it might be possible to provide 
psychological tests which would correlate with unsafe 
behavior and permit better screening and placement at 
the time of employment. This suggested measure of safety 
performance offers a new approach to the much debated 
“accident prone concept.” Personal accident susceptibil- 
ity would be measured in terms of personal exposure to 
accidents, i.e., unsafe behavior, instead of lost time acci- 
dents and first aid cases, with their associated reporting 
and causal complications. 

Since this study was conducted over a short period of 
time and limited to a small sample of workers, no claim 
can be held that a breakthrough in the measurement 
problem in safety has been made. Many of the necessary 
conditions underlying this method are difficult to achieve 
in practice, such as independence between observations, 
the ability to dichotomize behavior as safe or unsafe, 
equal exposure to environmental hazards and equal op- 
portunity for risk taking behavior. Furthermore, no at- 
tempt to scale the seriousness of the unsafe acts com- 
mitted has been attempted. Yet, the results of the re- 
ported study are encouraging and strongly suggest that 
further effort be devoted to this line of research. Cer- 
tainly the magnitude of the accident problem today war- 
rants intensive investigation. We cannot afford to be 
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contented with our present lack of knowledge of this 
problem. The heavy loss of life and limb due to accidents 
in this country and the billions of dollars involved de- 
mand that every avenue of possible benefit be explored. 
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Statistical Scheduling of a Highly 
Mechanized Production 


Facility’ 


by WILLIAM F. POUNDS and ERWIN P. KRAAI 
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T RADITIONALLY, the scheduling of production has 
really been the scheduling of time. It has been assumed 
that production is a direct result of scheduled working 
hours. This assumption has been valid for practical pur- 
poses on all hand or semi-mechanized operations. As 
production facilities have become more highly mecha- 
nized, however, a situation arises where production is not 
only a result of working hours but also of machine per- 
formance during those hours. The introduction of this 
additional factor makes time scheduling alone inade- 
quate. Production scheduling must now be based on ma- 
chine performance as well as time. 

For a given level of production, the higher the degree of 
mechanization the fewer producing units required. Let 
us compare some operating characteristics of two systems 
of different degrees of mechanization. 


OPERATING CHARACTERISTICS 

Let us assume our goal is 1000 units per day. System A 
has a low degree of mechanization and requires 100 
machines at 10 units per machine per day. System B, a 
highly mechanized system, requires one machine at 1000 
units per machine per day. 

Let us assume that the relative variability of both 
types of machines is the same, +50% of the mean 95% 
of the time. Because System A is made up of 100 ma- 
chines its total system variability is only 1/10 the vari- 
ability of System B. System A will produce 1000 + 50 
(950 to 1050) units per day. System B will produce 
1000 + 500 (500 to 1500) units per day. 

Although both systems produce the same on the av- 
erage, the system with higher mechanization has greater 
daily variability. 

This simple example indicates why scheduling with a 
large number of low volume units is primarily a matter 
of scheduling time. High mechanization, however, has 
introduced more variability and thereby introduced new 
scheduling problems. Scheduling time alone could cause 


us to miss our goal a good share of the time. 


s wish to acknowledge the assistance both in the 
projec ne 1 this presentation of James A. Richardson, Senior 
Engineer, and John M. Allderige, Technical Advisor, Industrial 
Engineering Division, Eastman Kodak Company 


Janvary—february, 1959 


Now let us explore in more detail some of the factors 
involved in scheduling from more highly mechanized 
production systems. 


SCHEDULING MECHANIZED SYSTEMS 


Figure 1 shows some typical production data from a 
highly mechanized production facility. The points on the 
chart represent total production obtained from this ma- 
chine during a series of days on which two-shift opera- 
tion was scheduled. Production varies approximately 
+ 50% of the mean from the mean 95% of the time. 

There are two reasons for this high variation. The first 
reason is a relatively large amount of unpredictable 
downtime due to the extreme complexity of the electronic 
and mechanical components of the machine. Even though 
each component by itself may be very reliable by or- 
dinary standards, the combination of many such com- 
ponents rapidly reduces the reliability of the over-all 
machine. For example, if a machine is made up of 100 
components each of which is 99% reliable, the reliability 
of the machine, as a whole, will be only 35.5%. The 
second reason for the high production variability is the 
fact that there is only one machine turning out product. 
Before mechanization, total output was the sum of the 
production from a number of producing units. Thus the 
central limit theorem effect tended to mask even high 


Daily Production 








Days 


Fic. 1. Typical Production Data from a Highly Mechanized 


Production Facility. 
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Fic. 2. Traditional Manner of Scheduling Production 


variation of the individual units to the extent that total! 
relative variation was quite small. As the number of 
producing units decreases, however, the over-all variabil- 


ity of the productive system increases and finally ap- 


proaches the variability of an individual unit when only 
one production unit is involved. Notwithstanding these 


reasons for variability, the problem remains one of 
scheduling production of this type to effectively meet 
rigid monthly requirements 

It is interesting to note that for a time, production from 
this machine was scheduled in the traditional manner as 
shown in Figure 2. A chart was constructed with units 
of production plotted on the ordinate and working days 
in the month plotted on the abscissa. The production 
required for the coming month was plotted on the last 
working day, and a straight line drawn from this point 
to the origin constituted the schedule. As the month 
passed, total production to date was plotted at the con- 
clusion of each working day. 

Thus points plotted above the schedule line indicated 
that total production to date was ahead of schedule and 
points below this line indicated a behind schedule situa 
tion. This position relative to the schedule line was a 
major criterion of future production planning although 
consideration of in-process inventories and subsequent 
production operations were also involved in this decision. 
Note, however, that this method is basically one of look- 
ing backward—counting past production, then adjusting 
the production rate so that future production counts may 
be closer to the schedule. Now certainly there is nothing 
wrong with this method of scheduling. It is widely used 
and in fact, had been used successfully for years before 
mechanization in the situation here described 

With the coming of mechanization, however, two things 
changed. First, slight changes in production rates are no 
longer possible. This machine either produces at full 
capacity or not at all, and since operation of it for less 
than a complete 8 hour shift is not desirable from an 
operational point of view, basically, there are only three 
production alternatives each day, i.e. one, two or three 
shift operation. 
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Second, even if current total cumulative production is 
“on schedule” or on the straight schedule line this does 
not mean the eventual production goal will be met 
Machine performance can deteriorate to such an extent 
toward the end of the production period that the goal 
will be missed. 

What is needed, then, are new criteria, ones that take 
into account possible future performances as well as past 
production and which will indicate feasible future sched- 
ules in terms of whole shifts. 


ESTABLISHING CRITERIA 

The use of elementary statistics in the analysis of past 
production data yielded these criteria in the form of a 
chart (Figure 3). This chart has the same units on its 
axis as the chart previously used, i.e., cumulative produc- 
tion versus working days in the month. Instead of a single 
straight line, however, this chart has two curved lines 
drawn on it at the beginning of each month based on 
calculations as follows. 

The upper line is called the two-shift safe operating 
limit line and the lower one is the three-shift safe operat- 
ing limit line. These lines divide the chart into three 
areas, each with a different implication as far as schedul- 
ing is concerned. Certainly a one-shift safe operating limit 
line exists and could have been calculated by the methods 
outlined here. In the situation described in this paper 
one shift per day was not normally scheduled. 

If the plotted point of cumulative production falls in 
the area above the two shift limit line, « two shift sched- 
ule will assure meeting the production requirements by 
the end of the month. If the point falls between the two 
limit lines, a two-shift schedule may yield the required 
production, but a shift to a three-shift schedule will as- 
sure it. However, if the point falls in the area below the 
three-shift limit, a schedule of three shifts for the re- 
maining working days will not assure the required pro- 
duction. 

By using this chart it is possible to evaluate the cur- 
rent cumulative production in relation to the goal and 
determine the shift level necessary for the remainder oi 
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the producing period. The chart also permits anticipation 
of the need to change shift levels if production shows a 
trend toward an action limit. It is, therefore, doubly 
valuable 

This chart ean also be used to predict the result of 
producing for any length of time at a given number of 
shifts per day. This can be extremely valuable in pre- 
dicting when to change the number of operating shifts 
per day, a change which is inconvenient to the personnel 
involved and disrupting to following operations and 
Inventories 

The calculation of the operating limit lines follows 
from one basic statistical law, 1.e., that the variance of 
the sum of two variables from independent distributions 
Is equal to the sum of the variances of the two distribu- 
tions. The mean and the standard deviation of the data 
illustrated in Figure 1 were calculated. Traditional tests 
were made to determine if the data were in control 
These parameters yielded an estimate of the average 
production to be expected from a two-shift working day 


and the possible variations from this average 


A normal 
distribution of daily production will be assumed for ease 
of explanation. However, the Camp-Meidel or Tcheby- 
cheff’s Inequality can be used in situations where the 
assumption ol normality is not valid 


CONFIDENCE LEVEL 


The selection of a confidenes level has inter sting rami- 


cations as will be noted later. In this ease, however, 


to meet the required production level on time is 
lt to be quite serious and so a 242% chance of failure 
considered acceptable. Two sigma limits about the 
in will approximately yield this protection against 

-production. Thus the average plus and minus two 


na defines the limits of production which can be 


expected Irom one two-shift day. This may be expressed 


as follows: 


- 


23 Eq. 1. 


luetion to be expected froin two-shift sched- 
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dz = Average daily two-shift production 
s, = Standard deviation of daily two-shift production 


Of course this function has limited usefulness since it 
will only predict production from one day to the next. Its 
usefulness can be extended, however, by writing it as the 
sum of N such days as follows: 


P a.N + 20, \/ N Eq. 2. 

N = Number of working days 

This function characterizes two-shift production and 
is shown graphically in Figure 4. The area between the 
two limit lines will contain 95% of the points generated 
by a continuous two-shift'schedule. 

Thus from any level of production on any day of the 
month, it is possible to foresee the consequences of such 
a schedule. Figure 5 shows a daily plot of cumulative 
production to a point 9 days from the end of the 
schedule, when total production equals X. 

The points Y and Z can be determined by use of an 
overlay of the information presented in Figure 4. If this 
overlay were superimposed on Figure 5 with the origin 
at point X, the limit lines would pass through points Y 
and Z as shown in Figure 6. If the lower of these two 
values (Y) is equal to or greater than the required pro- 
duction for the month, then it is safe (24% risk or less) 
to operate on a two-shift basis for the remaining 9 days. 

This use of the overlay can be further simplified by 
calculating algebraically the equation of a curve such 
that, if the origin of the overlay (Figure 4) were placed 
anywhere on it, the lower limit line would pass through 
the production goal. This curve is shown graphically in 
Figure 7 and its equation is as follows: 
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N = Number of days worked in the scheduling period 
V = Total number of working days in the scheduling 
period 


G Production goal in units 
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Fic. 5. Record of Cumulative Production to Nine Days before 
the End of the Production Period. 
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Fic, 6. Record of Cumulative Production to Nine Days before 
the End of the Production Period, with Two-Shift, Two Sigma 
Limit Lines for the Remaining Nine Days 


Safe level of production on day N such that a 
two-shift schedule will yield G or more when 
N M 


a, = average daily two-shift production 


This funetion is the two-shift safe operating limit shown 
in Figure 3. The calculation of the three-shift safe op- 
erating limit line follows the same reasoning. From a 
sample of days in which 3 shifts were scheduled, the mean 
(a,) and standard’ deviation, (7,) of total production 
were calculated. Use of these values in Eq. 3. yields the 
equation of the three-shift safe operating limit line. 


2,VM—N-a,(M—N) S,<GEq.4. 
G Ss. >G 
g Standard deviation of daily three-shift production 


S G 
S 


a, = Average daily production from three shifts 

S Safe level of production on day N such that a 
three-shift schedule will yield G or more when 
N = M. 


Ising funetions Eq. 3 and Eq. 4. 
Gs, Gy, So, 


and knowing G, M, 
and a., it is possible to draw the safe operating 
limit lines at the beginning of each scheduling period. 

It is important that the parameters of production, a 
and 3, be kept current for they can change significantly in 
short periods of time, especially on new equipment. 
Besides their importance in the calculations described 
above, these two values are also good indications of 
machine “health.” Trends in these values are a good 
means to evaluate any change in the machine. 

The use of this scheduling technique brings into clear 
focus the consequences of a rigid production goal over a 
short time period. In effect, such a goal forces over-pro- 
duction on the average to the extent by which production 
may vary during the scheduling period. The exact extent 
of this over-production is determined by the confidence 
required of meeting the production goal. After the goal 
is attained, however, a period of relative idleness results 
until a new short term estimate of required production is 


received. 
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A further analysis could be made to determine inven- 
tory effects and examine various techniques for inven- 
tory control. However, the problem encountered and 
the solution presented involves meeting a given goal at 
a given confidence level using available operating data. 

A less rigid production goal, recognizing month to 
month variation, would allow more flexible operation 
and longer range planning. This might also result in 
lower cost, depending on the effect on finished goods in- 
ventory requirements. Another alternative would be to 
set a higher rigid goal but extend proportionately the 
time period during which it might be accomplished. This 
would permit more of the variation to average out and 
make a more stable schedule possible. 
mechanized 
production facility by this simple statistical technique 


Thus the characterization of a highly 


quantifies an undesirable by-product of such a facility, 
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Fic. 7. Scheduling Chart with Two Sigma Limits, Calculated so 
that the Lower Limit Intercepts the Production Goal at the End 
of the Production Period 


random interruptions of production for maintenance and 
the resulting variations in output. With this statistical 
description it is possible objectively to evaluate the pro- 
duction required of such a facility and it would appear 
that traditional, rigid, short-range production require- 
ments should be re-examined. In any case, this technique 
yields criteria which make it possible effectively to 
schedule production to meet a given goal with any 
desired degree of confidence. 
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The Engineer and Resistance to Change 


by EDWARD V. KRICK 


Department of Industrial and Engineering Administration, Cornell University 


x ESISTANCE to change may be defined as an unwill- 
ingness to accept a change where the unwillingness is 
based upon something other than demerits of the change 
itself. The frequency with which such resistance is ordi- 
narily encountered makes this a problem of primary 
importance to the engineer. 

No doubt there are many very worthy engineering pro- 
posals that have been rejected on grounds other than 
their technical content. Of greater concern, however, 1s 
the high percentage of proposals that are accepted and 
installed and then eventually prove notably unsatisfac- 
tory, not for technical reasons, but because the people 
affected by the new methods have resisted and responded 
in such a way as to render them failures. Effective utiliza- 
tion of an idea does not necessarily follow because it is 
technically sound and officially accepted; the latter gives 
no assurance of the former. Resistance to change presents 
a formidable problem not only in getting ideas adopted, 
but in obtaining the cooperation of persons affected by 


new procedures alter adopt ion. 


TWO TYPES OF PROBLEMS 


In a discussion of resistance to change it is desirable 
to distinguish between major technological changes and 
everyday shop changes. The former, typified by intro- 
duction of the continuous strip mill, is an extensive 
technological innovation that affeets whole populations 
and frequently causes major economic and social prob- 
lems. However important as these may be when they do 
eecur, as Charles Walker points out in Industrial Produc- 
tivity: 

The average industrial relations manager or, say, the president 

, local. deals with a “major” technological innovation but once 

1 lifetime or not at all. The problems of shop changes and 


their disturbing effects, on the other hand, are always present. 


Therefore, we shall focus our attention upon handling 


these everyday shop changes. 


COMMON CAUSES OF RESISTANCE TO CHANGE 

To better understand and fully appreciate the methods 
of minimizing resistance to change, it is advisable to first 
heeome familiar with the common causes of this reaction 
Such knowledge of the potential causes is useful in 
planning the introduction of changes to minimize re- 
sistance and in diagnosing and remedying situations in 
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which resistance has been encountered after the changes 
have been introduced. 

There is an important fact concerning “business life” 
that should be recognized in dealing with resistance to 
change problems. It is that almost every individual in an 
organization has some personal motives or objectives that 
are oftentimes in conflict with the overall objectives of 
the enterprise. The more common personal objectives of 
interest here are: 

1. To attain advancement. 

2. To be of some importance in the eyes of associates, superiors, 

family and friends. 

To be liked by fellow employees. 

To earn (more) money. 

. To receive some satisfaction from the work involved. 

. To participate in making decisions concerning personal 
welfare. 

. To attain security with respect to employment, position, 
salary, etc.’ 


The important point is this: A person is likely to resist 
a change, in spite of the fact that it is capable of increas- 
ing company profits if it threatens the above objectives. 
What reaction should we expect from a person if a pro- 
posed change lessens his chances for advancement, or 
undermines his importance, or makes him unpopular with 
associates and/or subordinates, or lessens his chances of 
earning more money, or jeopardizes his current wage 
level, or reduces the amount of satisfaction he receives 
from his work, or threatens his security of employment? 
Is he likely to be receptive to a change he has had no 
opportunity to contribute to or express his opinion on 
previously? Is he likely to approve a change that offers 
to cause him embarrassment (because he believes it is he 
that should have thought of the idea, perhaps long ago), 
or to cause him to appear negligent or ignorant? 

Ordinarily, the individual is willing to make little or 
no personal sacrifice in the above respects for the sake 
of the welfare of the business. It is unrealistic to think 
that everyone acts at all times in the best interests of 
the enterprise for which he works. As a consequence of 
this situation, there is a considerable and surprising 
amount of “suboptimization” going on in the administra- 
tion and operation of any enterprise. 


“These are not the only personal objectives, nor are they held 
by all, nor are they weighted the same by all. 
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A number of specific causes of resistance to change, 


most of which arise out of this practically universal con- 


flict 


between personal and organizational objectives, are 


presented below. The intent of this outline is to provide a 


practical check list for preventive and diagnostic pur- 


poses 


For such purposes it is useful to distinguish between 


the person who has authority to accept or reject the 


proposal, for example, an executive or supervisor, and 


the person who has no voice in acceptance or rejection 


of the proposal but is affected by it and whose coopera- 


tion is important to successful implementation of the 


proposal The latter category is composed predominantly 


of shop and office workers 


In the case of a person who has the authority to accept 


or reject the proposal, the resistance may arise from: 


Inertia in innate desre to retain the status even 


This is 
change, 


quo, 
where the inferior 
method is A 
ind has no relation to the specific proposal. Thus the super- 
the 
cause it is different from what he 


present situation 1s obviously 


resistance aroused because the new 


Visol! lor example, Opposes new method merely be- 


8 accustome d to doing 
Uncertainty. Regardless of how inferior the existing method 


may be, at least one knows how it functions, However, how 


well a proposed change will function is a matter of predic- 
Any 
risk ; 


bring 


tion which is sometimes grossly in error deviation 


from the current involves a there is no 


that the 


| rocedure 
better results 
The 


should we create i 


guarantee method will 
after the 


that 


new 
cost of installation has been incurred 
“Why 


introducing a 


feeling 


many have is potential 


source if 


trouble by when the 


new system 


existing one does work?” 


Failure on the part of the need for the 


rejector to see the 
proposed change 

The proposal may not be understood by the rejector 
affected by the 


ind functioning of the 


Even 
though this man is not directly proposal, a 
to understand the 
well 


and resentment 


failure nature new 


system may arouse over-cautiousness, or a feeling of 


inferiority 
The fear 


experience 


of obsolescence, A man who has invested years of 


to build up 


a high level of skill, knowledge, and 


judgment, in administering a certain system, stands to have 


these fruits of experience obsoleted by 


When 


become 


adoption of a new 


procedure a new svstem 18 proposed, a tear ol the 


inability to proficient under the new system may 


well man to be 
that 


likely 


CAUSE iny 


apprehensive as to his future 


value and security in job. Under such circumstances 


is certainly Herein lies one 
offered by 


the introduction 


resistance reason for the 


resistance 


some time study administrators to 


ind use of such techniques as predeter- 
and others 

reduce the skill required 
offered 


a“ proposed change may 


mined motion times, work sampling 


Loss of job content. A change may 


scope Importance responsibility authority, ete 


by a person’s job. For example 


reduce the size of the work foree supervised by the ob- 


Such effects are commonly referred to as 


I his 
and the 


yector job dilu- 


tion usually reduces the 


prestige value of the job 
person to the organization, and there- 
may well arouse resistance 

Desir 


life more 


value of the 
lore 
to retain favor of the work group 
difficult, a 


To avoid making 


foreman might well be expected to 


interest of his men and against the interests of 
Thus, 


act im the 


management in passing judgment upon a proposal 
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if a change is unpopular with his subordinates, a 
visor is likely to resist the proposal 


Disinterest 


super- 


because a proposed change is the 
Expect this if 
the suggestion does not personally benefit the 


whom you 


outside 
rejector’s area of responsibility and concern 
person to 
presenting your proposal. This mav be 
just doesn’t care; on the other hand, advance- 


are 
because he 
ment in an organization is generally a competitive proposi- 


tion, and allowing feathers to be put in the caps of 
competitors 18 not customary. 

A personality conflict between the objector and the person 
proposing the change. 

Resentment of outside help. For example, when an engineer 
is assigned to cope with a supervisor’s problem, it is quite 
likely that the supervisor will fear a loss of prestige in the 
The 


that he cannot handle his own problems. 


eves of his subordinates. implication as he sees it is 


Resentment. of criticism. This might well be the case 


if the 
person to whom you are trying to sell your proposal has 
originated the present method. 


Lack of 


change 


participation in formulation of the proposed 


Embarrassment at not having conceived of an idea 
which upon hindsight appears obvious probably will cause 
The 


sort of face-saving reaction 


resentment 


feeling will probably give rise to some 


Tactless approach on the part of person making the 
words 


famous last words 


pro- 


posal Sometimes a feu can make the difference. 


Remember those “That’s no way to do 
it 


Lack of 
the idea 


confidence in the ability of the person proposing 


Inopportune timing. Rejection may have been received only 


because the proposal was made when the rejector was 


emotionally or physically upset, or when he was unusually 
busy, or when business was in a temporary slump, or when 
there was an unusually heavy demand on investment funds, 
or when labor 
that 


relations were strained, etc. 


A change involves extra work, such as learning and 


ising a more lengthy routine, may arouse resistance 


Common causes of resistance to change on the part of 


persons who have no voice in acceptance or rejection of a 


proposal but who are directly affeeted by it are: 


9 


Inertia, especially whe n the radi- 


change is sudden and/or 
eal 

Uncertainty as to 
though the current 


the worker, he 


poore | 


just what a change will bring. Even 


may not be satisfactory to 
to risk the 


as lower pay, poorer working condi- 
difficult job, 


situation 


may not care possibility of a 


situation, such 
desirable 


tions, less working mates, a more 


ete 


Ignorance of the need for or purpose of the change, Only 


too often changes are made with littl 


to the 


or no explanation 
worker, sometimes with the feeling that this is non 
of his business! 

Failure to understand the new method or policy which may 
arouse suspicion or an insecure feeling 

Reluctance to exert the effort required to learn a new pro- 
cedure. 

A loss of job content. A change that a reduction in 
skill required, or of importance, or of responsibility, may 
readily Aside from the 


luce s the 


means 


arouse resistance. important tact 


that job dilution usually r prestige value of the 
job and the value of the job holde rto the company, a job 
is more like ly to be more monotonous as it becomes simpli- 


fied and shortened. 
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SUGGESTED 


Pressure of the 


work 


reactS so as not to 


Each member of the work 
offend 


though as an individual he does not feel as strongly as his 


group. 


group often the others, even 


actions would indicate. Every work group has certain in- 


grained policies, some expressed and others implied, which 


constitute a “code of behavior” and which help to govern 


the actions and reactions of its members, A person’s reac- 
tion to a change is usually influenced by what he knows or 
inticipates the group wants, even to the point of sacrificing 
personal gain for continued approval of his co-workers 
Fear of The 


re duction in 


result in 
latter 


economic msecurity may 


The 


following ways 


change 


displacement or a earnings, may 


irise In any one or more of the 
i. A reduction in job classification, 


b. “Rate 


company 


The 


in method as an op- 


cutting” which may accompany the change 


frequently uses a change 


portunity to “bring the standard in line” on the job 


If there 


this will probably be 


has been a loose time standard on the operation, 


remedied when a standard is set 


for the new method. Thus, a change in method may well 


he affecting the worker’s economic status in this informal 


Under 
is certainly to be expected 


way such circumstances, resistance to the change 


Inability to master the least to reach 


had 


This is particularly true of 


new method, or at 
that the 


re plac ed method 


the level of proficiency person attained 


under the 
older operators 


Alteration of social relationships, or fear of same, such as 


bre ikuy ol i closely knit work introduction of a 


that 


group, 


method prohibits conversation while working, etc 


An antagonistic attitude toward the person introducing the 


change or what he represents. It may be a personal antag- 
intagonism toward his function, or 

The 
causes individuals and groups to resist almost 


check, 


This might be 


onism, or it may be an 


management in general latter, an attitude that is 


often hostile 


iny change, in fact, almost everything but the pay 


that comes from the management direction 


illed resistance on general principles 


Origination and/or introduction by an “outsider Execu- 


ives, higher supervisors, and usually consid- 


engineers are 
ered as external to the worker’s economic and social group 


fact, they are frequently quite unpopular, Resentment 


likely if such persons introduce a change 


No partici 


olicy. It appea 


is quite 


ition in formulation of the new method or 
=: to workers that changes are oiten adopted 


They 


interests 


without their best interests in mind want an op- 


portunity to express and protect these to have a 


rt in deciding what they must do and how 


Tactless approach 1e part of the person introducing the 
hange 
have been received 


Resistance 


was introduced when feeling was 


Inopportune timing 


may 


only because the chang 


running high between the work group and management, or 


because the change was made with little or no advance 


novice ete 


METHODS OF MINIMIZING RESISTANCE 


TO CHANGE 


Che following recommendations should be observed in 


planning the method of introducing an idea and in modi- 


Vl 


au 
1 


DY 
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ing the idea to make it more saleable and palatable. 


the 
thoritv to accept or reject your proposal and to the 


These measures apply both to person holding 


rson who has no choice in the matter (but is affected 


the change): 


| 


2. 


5 


Convincingly explain the need for the change. 

Thoroughly explain the nature of the change, Use straight- 
forward, clear, well-organized language to assure that per- 
sons understand the method or policy. Don’t overlook the 
importance of this understanding, Tailor your written and 
oral reports to suit the particular reader. 

Facilitate participation, or at least the feeling of participa- 
tion, in formulation of the proposed method, In general, 
people are concerned about making their own ideas and 
recommendations succeed, whereas they have a neutral o1 
negative attitude toward the ideas of others. The feeling 
of participation may be imparted in several ways: 


a. Consult people for information, opinions, and sugges- 


tions. Show a real interest in what they have to say 


Seek advice even if you think you don’t need it and you 
may than The 
portunity to express himself, the mere request to con- 


benefit in more ways one. mere op- 
tribute may well give a person a feeling of participation 
in formulation of a new method, even though none of 
his ideas have actually been included in the new setup 
b. Of 


suggestions of others in your final proposal and give 


course, whenever possible, include the worthwhile 
credit to the appropriate individuals. 

c. In some instances it may be advisable or even necessary 

that 

which you would otherwise use, in order to get him into 

the act 


to incorporate a person’s idea that is inferior to 


This “sugaring up” or compromising of pro- 
posals in order to get them accepted and to minimize 
adverse reactions will probably make the difference be- 
tween success and failure on many occasions, 

Use a tactful approach in introducing your proposal, Watch 

your wording, mannerisms, and above all, avoid criticism 

or anything that may be construed as such 


Watch your timing 


a. In attempting to gain adoption of an idea, avoid making 
your proposal when the recipient is upset, busy, ete 

Allow sufficient time for him to think it over, don’t rush 
the thing. Who knows, sometime later he may concede or 
propose the idea as his. 

b. In introducing a new metohd or 


policy to ¢ mployee 8, 


provide ample advance notice, Avoid introducing certain 
changes when labor relations are abnormally strained. 
In the major changes, if 
change in stages, to make 

And, too, the 


frightens managers and arouses objec- 


case of possible introduce the 


it easier to adjust and to over- 
come inertia mere magnitude of some pro- 
posals sometimes 
a major overhaul in stages, it is wise 


that 


tion. In introducing 


to introduce first those changes you are most con- 


fident will yield successful results 


Instill a consciousness of resistance to change. If a person 


is aware of the causes, manifestations, and frequency of 


this non-rational behavior, he will be less inclined to resist 


changes. This seems to be an effective counter measure, at 


least in the case of supervisors, managers, and executives 
Educate 


welfare of the 


as to the importance of change to the economic 
enterprise, Although popular, this is prob- 


ably an over-rated measure in reducing worker resistance 
to change. 

In attempting to gain acceptance, capitalize on the features 
that provide the most personal be nefit to the pe rson(s) vou 
are trying to sell. 

If possible, maneuver by appropriate questioning, a pros- 
pective rejector into “thinking” of (your) idea himself, This 
procedure of “planting” the idea in his mind is usually 
effective if it can be worked. The difficulty is that this 


is not easily accomplished, nor are we generally that noble 
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in that we would make a habit of planting our ideas in 


other persons’ minds. 


These measures apply mainly to minimizing resistance 
by persons directly affected by changes: 
1. Show a personal interest in the welfare of those affected by 
the change by: 
a. Paying particular attention to older persons, close social 
re‘ationships, individual differences, etc 
Finding equivalent jobs for displaced employees, where 
they may make maximum use of their previously devel- 
oped skills 
Providing, if possible, guarantees as to security of em- 
ployment and earnings 
Providing thorough training in the new procedure 
Attempting to avoid drastic reductions in job content 
If the skill, performance time, or responsibility have been 
reduced, perhaps this may be counteracted by allowing 
the worker to do his own setup, inspection, planning of 
jobs, ete., or by combining several short cycle jobs into 
one 
Whenever possible, have changes announced and introduced 
by the immediate supervisors of those affected. There are 
several disadvantages to the bypassing of foremen in intro- 


ducing changes 


PLANNING VS. DIAGNOSIS 


It is important that the foregoing material on minimi- 
zation of resistance to change be applied from the mo- 
ment you begin a particular project, and that it be kept 
in mind continually, right through to final acceptance 
and installation of your proposal. Don’t neglect the mat- 
ter until you find yourself in the position of having 
completed an excellent solution to a problem, excellent 
in every respect except that the proper personnel won't 
accept it. Nor should you exclude consideration of this 
matter as you work out a problem, until you are ready 
to propose your solution, then stop to plan your “accept- 
ance gaining strategy,” for it may already be too late 
Instead, you should give careful consideration from the 
outset, to your behavior, your manner of dealing with 
various personnel, the features of your proposal, etc., 
with the objective of minimizing the chances of subse- 
quent rejection of your ideas. Thus, attention to this 
problem of resistance to change should be, insofar as 
possible, in the form of planning to minimize the likeli- 
hood of its occurrence, as opposed to the diagnosing of 
unfortunate situations to learn why rejection has oc- 
curred and what might be done, if anything, to reverse 


these situations. 





Now Available to AIIE Members 


AllE decals 


Approximately 3!/2 x 3!/, inches 
Cost $.50 for two (minimum order) 


Order from: AIIE Headquarters 
145 North High Street 
Columbus 15, Ohio 











The Journal of Industrial Engineering 


* . * + * . + € & x * 


OUTSTAN DING 
MAN AGEMENT 
TOOLS 


by R. Villers, Rautenstrauch and Villers 


An essential series of textbooks which 
have been adopted by more than 
40 colleges and universities 


THE DYNAMICS OF 
INDUSTRIAL MANAGEMENT 


by Raymond Villers 


A thorough, documented presentation of 
the theory of industrial organization and, 
more important, the process of reorgani- 
zation and modern techniques of control. 
Says Waldemar Kaempffert in the New 
York Times: “Villers impresses his read- 
ers with the idea that reorganization is 
not to be regarded as an effort at drastic 
reform, but as a natural development .. . 
if organizations are to keep pace with 
changes in personnel and competition 
and with the evolution of technical proc- 
esses.” 2nd big printing. 546 pages, 21 
tables, 51 figures, $6.25 


BUDGETARY CONTROL 


by Walter Rautenstrauch and Ray- 
mond Villers 


Easily and most widely used book by 
educators and industrial managers on the 
introduction, application, and control 
of a well-integrated budgetary system. 
Presents actual methods together with 
appropriate forms and charts—including 
the new Sales Mixture Chart which fore- 
casts future income and expense with 
remarkable exactitude. Now in its 3rd big 
printing. 301 pages, 24 tables, 53 figures, 

$6.00 


THE ECONOMICS OF 
INDUSTRIAL MANAGEMENT 


SECOND EDITION 
by Walter Rautenstrauch and Ray- 
mond Ville rs 


This edition, newly revised by Dr. 
Villers, brings up to date the book that 
professors, students and businessmen 
consider a complete course in industrial 
management Featured is the new 
method of Differential Profit Control. 
PETER DRUCKER writes, “We have 
to know how much we actually need to 
get the desired average. The tool for this 
is the break-even-point analysis, best 
described by Rautenstrauch and Villers 
in their book, The Economics of Indus- 
trial Management.” 512 pages, 64 tables, 
87 figures, $7 50 


Order from 


JOURNAL OF INDUSTRIAL ENGINEERING 
225 NORTH AVE., N.W. ATLANTA 13, GEORGIA 
x * * * * * x * * * @<£+e¢2 2 82 @ 


Volume X - No. 1 





Statistical Decision Theory as a Method 


for Information Processing 


by HARVEY M. WAGNER’ 


Applied Mathematics and Statistics Laboratory, Stanford University 


Economists, statisticians, and practitioners of op- 
erations research frequently meet nearly identical prob- 
lems in their respective studies. Once the similarities are 
recognized, the solutions advanced by one group of pro- 
fessionals often turn out to be useful to others in differ- 
ent disciplines. The belief expressed here is that statistical 
decision theory provides both an enlightening and a uni- 
fying approach to problems concerned with decision 
making in the face of uncertainty. As will be pointed out 
subsequently, statistical decision theory is by no means 
the last word on such problems—at least at its present 
state of development—but the approach seems to ask the 
right questions and accurately pinpoints the areas of 
difficulty. 

The advance which decision theory makes over previ- 
ous methods in mathematical statistics is that the eco- 
nomic consequences of an action are explicitly taken into 
account. In other words, the theory goes beyond state- 
ments about probabilities of making various errors, and 
incorporates both the relative losses from such errors as 
well as the costs of processing information in order to 
reduce the likelihood of mistakes. One important conse- 
quence claimed by decision theorists is that by such anal- 
ysis it is possible to unify various subfields in statistics 
into a single conceptual framework. For the moment we 
shall refrain from stating the alleged disadvantages of the 
theory. 

The general decision 


problem of whether 


studied by a statistician, an economist, or an operations 


making, 


researcher, can conveniently be stated as follows: The 
decision maker has to choose some course of action out 
of several open to him.* Such an action may pertain to 
an existing state of affairs or to future events; 


1 


case, the 


in any 
Decision Maker does not know what the true 


This paper was presented at the Data Processing and Manage- 
ment Information Conference, Massachusetts Institute of Tech- 
nology, July 15-19, 1957. The author owes more than the usual 
debt of gratitude to Professors Herman Chernoff and Lincoln 
Moses. Stanford University, for permission to read their forth- 
coming book on decision theory (4). 

2 We shall not be concerned with the organizational or team 
problems of decision making. We assume that the individual, team, 
organization, etc., all have identical goals. 
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state really is, and hence he has to choose an action under 
conditions of uncertainty. The economic consequences of 
the situation are a joint function of the action taken and 
the true but, at present, unknown state of affairs. It is 
useful to think of this situation as a game played by 
Nature, who chooses the underlying state, and the Stat- 
isticilan (or the decision maker), who selects an action. 
Usually the Decision Maker, by means of relatively 
costly data processing, is able to obtain some informa- 
tion about the strategy Nature has selected. The De- 
cision Maker must balance the costs of data processing 
with the costs of making mistakes at a frequency which 
could potentially be lowered if more information were 
available. The data conceivably available to the De- 
cision Maker may or may not be able to give complete 
information as to Nature’s strategy. 

The above formulation applies easily to the case of a 
management group making some decision about the com- 
pany’s sales, production, or investment policies by “sam- 
pling” information. The cost of sampling of course may 
include the use of an electronic computer as well as the 
expense of collecting data. Consequently a wide variety 
of data processing problems may potentially be handled 
by decision theory techniques. 


OUTLINE OF A DECISION THEORY PROBLEM 


Statistical theory, not unlike schools of 
thought in economics, mathematics, or philosophy, is 
based on a system of axioms. These postulates are far 
from inconsequential, but space limitations prohibit a 


lengthy discussion of the axioms. Briefly, their main im- 


decision 


plication is that it is possible to assign numerical values 
to the joint result of the Decision Maker’s and Nature’s 
strategies; these numerical values are what we have been 
calling the “economic consequences” of the final situa- 
tion from the point of view of the Decision Maker.* 
Further, given Nature’s choice, if one action results in a 
numerical value of 10, say, and another action results in 


‘In the technical literature the numerical indicator is called 
the Statistician’s utility function. Luce and Raiffa give a detailed 
discussion of the axiom system in game and decision theory (7); 
for a summary treatment, see H. M. Wagner, “Advances in Game 
Theory,” American Economic Review, June, 1958, p. 368-387. 
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TABLE 1 


The Decision Maker's Economic Evaluation of Possible Actions 


Possible Actions 


States 
ol 


Nature 


a numerical value of 20, then the combined “action” of 
flipping a fair coin, so that on heads the first action 1s 
taken, and on tails the second action is taken, has the 
numerical value of the arithmetical average % X 10 

4 X 20 15 


theory of games, the numerical value is usually assumed 


In most elementary presentations of the 


to be the monetary ednsequence or payoff of the situa- 
tion. Such an additional assumption may or may not be 
tenable in a particular case; but in any event, decision 
theory assumes that some nul ierical indicator of prefer- 
ence for various situations is available, and that it 1s 
meaningful to take probability averages of these num- 
bers in evaluating the relative merit of different combina- 
tions ol uncertain outcomes 

It is most Important to realize that the prefere nee in- 
dicator refers to an evaluation of a risky situation be- 
fore the final outeome has been determined, i.e., at the 
point of time when the Decision Maker must make a 
decision in the face of uncertainty. Thus in the previous 
example, the value 15 is associated with the gamble of an 
even chance of receiving 10 or 20 Comparing this gam- 
ble to a nonrandom event having a numerical value of 
12. the Decision Maker favors the riskier situation ac- 
cording to his preterence indicator. Although the before- 


the-fact evaluation of tossing the coin is 15, once the 


Decision Maker has made the final decision to gamble, he 
receives either 10 or 20. The power of the underlying 
axiomatization process is that it guarantees an evalua- 
tion of any complex probability situation in terms of a 


single number, that number being the corresponding 


probability weighted average of the indicator values for 
each possible outcome. 

For expositional simplicity assume that Nature and 
the Decision Maker have a. finite number of simple al- 
Nature’s choices are N,, N2,..., Ni... ., and 
as 
Decision Maker’s numerical indicator of the outcome of 
Nature’s selecting 


ternatives: 
the Decsion Maker’s actions are a,, do, 


N; and his taking action a; is de- 
noted as-u(Nj, aj). The entire set of consequences can be 
displayed in matrix form, Table 1. 

Suppose that the Decision Maker has the opportunity 
of performing a single costless experiment. The experi- 
ment may be complicated and may offer a variety of 
bits of information, but assume that the outcome of the 
experiment can be summarized by a “vector” symbol 2,, 
and that there are only a finite number of z,. For exam- 
ple, one experiment might be a yes-no questionnaire; in 
this event 2, would be a “vector” of information yielding 
the number of yes answers to the first question, to the 
second question, . . ., to the n-th question. 

By assumption, the data 2, are related to N;. More 
precisely, suppose that, given any Nj, the probability of 
observing z, is known, which is denoted as the “condi- 


tional” probability p(z, | Ni). Once again the conditional 


probabilities can be arrayed by means of a table. See 
Table 2. 


tional probability of observing every z, given that N; is 


Each row in the matrix indicates the condi- 


the true state of nature. 

Next we define the notion of a simple strategy for the 
Decision Maker. Recall that the Decision Maker may 
observe any z, and accordingly take any action a;. Con- 
ceptually all possible simple strategies available can be 
formulated by listing all combinations of actions asso- 


ciated with observations, Table 3. Each row in the ma- 
trix is a simple strategy, which specifies the action to be 


taken if a z, is observed. Altogether the number of sim- 


TABLE 2 
Conditional Probabilities pz \, 


Possible Observations 


States 
ol 
Nature 
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ple strategies is: the number of actions raised to the 
power the number of possible observations. For example, 
if there are two actions and five possible observations, 
then there are 2 32 simple strategies. 

From Tables 2 and 3 we are able to construct a matrix 
for each strategy Sp, which yields the probability pla; 
Ni, 8s) of taking a particular action a 
N; and strategy s,, Table 4. 

Finally 


, given Nature’s 


Tables 4 and 1 are combined to produce a 
table showing the expected or average numerical values 


for each pair of strategies. Since for a particular strategy 


Table 4 gives the probability of taking an action for each 
state of nature, and since Exhibit 1 contains the numeri- 
cal consequences associated with each action and state 
of nature, we average the numerical outcomes and enter 
them in Table 5 as U(N;j, s;) 


> p(a;| Ni, 


Table 5 completely embodies the problem defined. It 
shows all the simple strategies open to the Decision Maker 
and to Nature 


Sp) Ul N;,. a;). 


In addition to these simple strategies, 
each player can also elect to “randomize” between the 
simple strategies, i.e., to select each simple strategy ac- 
cording to a certain probability. 

It is now appropriate to discuss the difficult topic of 
what is a good strategy for the Decision Maker. It should 
be stated at the outset that this a debatable subject, and 
various alternative suggestions have been put forth. Only 
a few of them will be briefly explained; References (3), 
(7) and (10) contain more complete treatments. One 
proposal, a poor one indeed, based on a “play safe” no- 
tion, is to ignore the data and pick a “minimax” action 
which protects against the worst possible selection of N; 
by Nature 


Table 5 which ignore z 


Using either Table 1 or those strategies in 
(i.e., pick the same a; for all 2), 
determine the worst numerical outcome that may arise 


he selection of an a then choose that particular 


which assures the best out of the “worst” values pre- 
viously found 
An extension of the above procedure is to use all the 
strategies in Table 5, and to select the “minimax” from 
strategies, now specifically allowing probability 
mixtures or randomization between strategies, if desira- 
ble. The numerical value associated with such a general- 
ized minimax strategy Is usually an average value of the 
(N;, s,) components in Table 5, which in turn are aver- 
derived irom Tables ] and 4 
Decision Maker has some a priori information 
past relevant experience and data) that Na- 


V. with probability u 


2. uw { V 


| defines an optimal selection, which is called 


_ then the s, such that 


n if a priori probabilities about 
it is clear that the Decision Maker 


TABLE 3 
Simple Strategies 


Possible Observations 


2k 


Decision 
Maker's 
Strategies 


fk action to be taken using strategy s, if 2, is observed. 


should consider only strategies which are at least opti- 
mal for some set of a priori probabilities. This class of 
strategies, which here will be called the admissible strat- 
egies,* is usually considerably narrower than all the 
simple and mixed strategies implied by Table 5. Interest- 
ingly enough, for each possible set of a priori probabili- 
ties over the Nj, there is at least one simple strategy s, 
which is optimal for the Decision Maker. In special cases 
it is possible by appealing to “likelihood ratio” manipu- 
lations to determine all the admissible strategies rather 
easily without the complete enumeration of Tables 3 and 
5. 

The general framework of a statistical game may now 
be summarized: The Decision Maker and Nature are 
the two players, each with certain possible strategies or 
actions; there is a determinate economic evaluation for 
the Decision Maker depending on the outcome of both 
players’ selection of strategies; it is possible for the De- 
cision Maker to perform experiments and observe infor- 
mation pertaining to Nature’s choice of a strategy; out 
of all possible strategies for the Decision Maker, atten- 
tion is confined to the class of admissible strategies, i.e., 
a strategy which is Bayes for at least some a priori prob- 
abilities for Nature. It can be shown that one such ad- 
missible strategy is that associated with the minimax 
average numerical evaluation, and which may be a good 
strategy if the Decision Maker has no a priori informa- 
tion about Nature. In the next section we introduce the 
cost of sampling, which previously we have ignored. 


4 CLOSER LOOK AT THE DATA PROCESSING OPERA- 
TION 


The effects of experimentation will now be more care- 
fully examined to demonstrate an efficient method of ex- 


*In mathe matical statistics there iw a fine distinction between 
the classes of admissible strategies and of Bayes strategies; further, 
in special games no admissible strategies may exist. But we shall 
not be concerned with such technical matters in this paper 
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TABLE 4 
Action Probabilities for Strategy 8» 


a; | ds 


p(a2| Ni, 8a) 


p(a:| Ni, 8) 


p(ai| No, 8x) p(a2| No, 8) 


States 
of 
Nature 


tracting information out of the sample data and to de- 
lineate the economic consequences of obtaining different 
amounts of costly information. 

Although the conceptual framework advanced above is 
complete, the extent of enumeration of simple strategies 
needed to accomplish the analysis, even for ordinary 
sized problems, may be overwhelming if some shortcuts 
are not available; furthermore, much of the effort ex- 
pended in the exhaustive approach is on strategies which 
turn out to be inadmissible. Fortunately, probability 
theory permits certain important simplifications in the 
procedures previously outlined. 

In the case where no experimental data exist but a 
priori probabilities for N; are available, it has been 
stated that with Table 1 the probability averages over 
the different u(N;, a;) for each action a; would be calcu- 
lated, and the correct action would be the one yielding 
the highest average. If some experimental data z, do 
exist, the procedure outlined for Table 5 may be equiva- 
lently performed by using the experimental data to trans- 
form the a priori probabilities into what are called a 
posteriori probabilities; the latter probabilities are then 
applied to the entries in Table 1 just as the a priori 
probabilities would be applied in the no experimental 
data case. 

From Table 2 the conditional probability p(z, | Nj) of 
observing z, given N, is known, and w, denotes the a pri- 
ori probability of N;. As defined by probability theory 
(5) (9) 


plzz | Ni) p(z, and N,) /wj. 


In other words, the conditional probability of z,, given 
N,, is equal to the joint probability of both z and Nj 
occurring divided by the a priori probability of N;. Re- 
arranging terms give 


wip (zn | Ni) p(z, and Nj). 


The event of observing z, is the “sum” of the mutually 
exclusive and completely exhaustive events of obtaining 
z, when N, is the true state of nature, z, when N, is the 
true state of nature, ..., 2, when N; is the true state of 
nature, etc. In probability terms 
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Possible Actions 


| a; ese ] v 


p(a;| Ni, 8a) Zp(a;| Ni, sx) =1 
p(a;| No, 8n) Zp(a;| No, 8.) =1 


p(a;| Ni, sn) Lp(a;| Ni, 8.) =1 


p(ze) = p(z and N,) + p(z, and 
+ p(z, and Ni) +... 
= w p(z | Ni) + wop(z| Ne) +... 
+ wiyp(z, | Ni) 4 
Therefore the above formulas are combined to derive 
the a posteriori probability of N; given z, 
p(N; | zx) p(z, aud N;)/p(zx), by definition 
= wyp(z, | Ni)/w,p(z | Ni) + wep 
(z, | N2) + |N;) +... 


Wi 


. + wip(z 


which numerically is w; transformed to an a posteriori 
probability by multiplying by an appropriate factor that 
is a function of the actual observed z,. It can be proved 
that the Bayes procedure as outlined with Tables 1-5 is 
equivalent to the procedure of applying the a posteriori 
probabilities w; to Table 1. It can also be shown that if 
successive experiments are performed, e.g., if the infor- 
mation in the vector z is actually gotten single experi- 
ment by experiment, then the correet procedure is con- 
tinually to “revise” or to “update” the a posteriori proba- 
bilities using the information gained from the new ex- 
perimental data. 

Is the suggested procedure a shortcut? Recall in Table 
3 it was necessary to construct a complete listing of 
every possible strategy; the number of such strategies 
depended on the number of all possible z, which could be 


TABLE 5 


Average Economic Evaluation 
g 


Decision. Maker’s Strategies 


81 8e ees 8h 


Ni U(N,, 81) U(N,, 82) U(N,, 8n) 


Nz | U(Nsa, 81) | UCNe, 82) 


U( Nz, Sa) 
States 


of 
Nature 
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observed. The shortcut is that a Bayes procedure need 
only call for certain computations utilizing an actually 
observed z,; therefore in practice it is not necessary to 
list all strategies taking into account any eventuality, 
but rather to make computations based on the particular 
result of the experiment. Analogous reasoning applies to 
the results from a sequence of experiments. 

We finally come to the important point of when costly 
experimentation or data processing should cease and an 
action be taken. The case of a sequential sampling pro- 
cedure is discussed here; the simpler case of a fixed sam- 
ple size plan is examined in the following section The 
mathematical condition for the correct stopping place in 
a sequential game is well defined. The analysis, which is 
closely related to Bellman’s principle of optimality in 
dynamic programming (2), is as follows: If a decision is 
made at the end of some stage of experimentation, the 
numerical value for the Bayes procedure is found from 
an average of the a posteriori probabilities and the en- 
tries in Table 1. If further experimentation is undertaken, 
the result will be a random variable, and new a posteriori 
probabilities will be derived. After an additional obser- 
vation is processed, a similar calculation is once again 
made whether further sampling should follow or an ac- 
tion be taken. Because the outcome of an additional ob- 
servation is a random variable, the decision of what to 
do next will also be random. The process is repeated until 
further sampling is uneconomical. 

Whenever inspection continues, the-cost of making 
each experiment, reckoned in numerical values consistent 
with those in Table 1, must be subtracted in order to ar- 
rive at the net valuation of further experimentation. 
Usually more information about Nature’s strategy will 
increase the expected Bayes average valuation. The ques- 
tion is whether the increment in economic value of more 
data is offset by the cost of obtaining it. Since the experi- 
mental results are random variables, at each stage of the 
analysis a complicated procedure is needed for computing 
averages reflecting the valuation of some particular over- 
all sampling strategy. The final decision about a new 
experiment rests on a comparison of the present a pos- 
teriori Bayes average value and the net expected value if 
another experiment is achieved and the Decision Maker 
acts optimally thereafter. As Blackwell and Girshick (3) 
have demonstrated, in certain special cases (analogous 
to elementary cases in sequential analysis) the operating 
procedures for a “sequential statistical game” are fairly 
simple. In general, a computing procedure tor solving 
such problems is very complex. 


AN ILLUSTRATION IN QUALITY CONTROL 

An application in the area of quality control will serve 
to illustrate the decision theory technique.’ Small lots of 
a complex assembly item are to be subjected to an ac- 
ceptance sampling procedure. It is known from experi- 
ence that the number of defects per item occurs accord- 
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TABLE 6 


Decision Maker’s Losses’ 





Possible Actions 


ay ae 
Accept Lot Reject Lot 


10 defects 


per 
100 items 


of N,= 


$10 
Nature 


20 defects 
N2= per 

100 items 
ing to a Poisson probability distribution; and for the 
sake of simplicity, it is postulated here that Nature “pro- 
duces” lots after selecting a Poisson distribution with an 
average of either 10 or 20 defects per 100 items.® In the 
former case, the lots are acceptable, and in the latter case 
unacceptable. Table 6 contains the Decision Maker’s 
payoff matrix. In this example, instead of representing 
losses as negative numbers employed in a maximizing 
operation, they are treated as positive numbers, and strat- 
egies which minimize loss are to be investigated. It is 
assumed that these monetary outcomes are good approxi- 
mations to the Decision Maker’s “utilities.” 

The minimax strategy for the Decision Maker, if he 
does no sampling, is to select a, with probability 44 and 
a, with probability 34. The expected value of the out- 
come, $6.66, is then independent of Nature’s: strategy. If 
the a priori probability w, = 34 and w, = \4, then a, is 
the optimal action, giving an expected value of $5.00. 

Although the size of a sample is a variable which 
should be subject to economic analysis in a proposed sta- 
tistical procedure, assume that for various reasons only 2 
items drawn randomly out of the lot are to be inspected. 
The sample observations will be classified into three 
categories: z, = 0 defects, z, = 1 defect, z, = 2 or more 
defects (if two defects are found in either or both items, 
inspection ceases). The conditional probabilities for 2, 
are shown in Table 7.* 

There are 2 possible actions and 3 possible observa- 
tions; hence 2° = 8 simple strategies exist, Table 8. Strat- 
egy s,, for example, specifies selecting action a, if 2, 
occurs, and a, otherwise. If N, is the true state of nature, 


*For a challenging presentation of quality control applied to 
data processing problems of an accounting nature, see L. L. Vance 
and J. Neter, Statistical Sampling for Auditors and Accountants, 
Wiley, New York, 1956. 

*We utilize the distinction employed in quality control of 
defect vs. defective. The latter is defined in terms of the particu- 
lar number of allowable defects per item. See E. L. Grant, Statisti- 
cal Quality Control, McGraw-Hill, New York, 1952. 

* It is purely coincidental in this example that there is a corre- 
spondence between the values for the losses and the number of 
defects per 100 items. 

*If the number of defects in 100 items has a Poisson distribu- 
tion with an average q, then it is postulated that the number of 
defects in 2 items is distributed as a Poisson with an average 
2q/100. 
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TABLE 7 


Conditional Probabilities 


Possible Observations 
ze=\ldefectin z,=2 or more 
2 items defects in 
2 items 


z, = 0 defects in 
2 items 


States N, 82 16 .02 
of a 
Nature N, 67 


then z, occurs with probability 82, and consequently 
action a, is taken with probability 82. Table 9 gives the 
action probabilities for each strategy.® 

Finally Table 10 combines the previous matrices to 
give the expected or average losses for each of the strate- 
gies. A first glance at Table 10 does not reveal which 
strategies, if any, are inadmissible; a graphical analysis 
aids in the process, Figure 1. The expected losses are 
plotted as two coordinate points with reference to axes 
for N, and N,. The bottom boundary, which is the lowest 
convex-to-the-origin boundary 


defined by strategy 


points, has the admissible strategies as vertices: 8), 82, 85, 


8..*° 
The minimax strategy, found at the intersection of the 
bottom boundary and a 45° line through the origin, is to 
select s, with probability .46 and s, with probability .54. 
Given a priori probabilities, the corresponding Bayes 
strategy is found either by applying the probabilities to 
Table 10, or by finding at which of the admissible strate- 
gies it is possible to construct a tangent line with slope 
w/w. If w, 34 and wy, 


egy. 


1, 8, is the optimal strat- 


TABLE 8 
Simple Strategies 


Possible Observations 


Z1 Ze 


Decision Maker's 
Strategies 


*The mathematician states that each strategy defines a “map- 
ping” from the sample space to the action space. 

“An alternative delineation of admissible strategies may be 
found in J. D. Williams, The Compleat Strategyst, McGraw-Hill, 
1954, pp. 71-72 
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If a minimax procedure is to be employed, it has been 
stated that the expected loss without any data is $6.66; 
with data, the minimax expected loss becomes $6.26. 
Therefore using a minimax strategy throughout, it does 
not pay to take a sample of 2 items unless the sampling 
cost is less than $.40."' In the case of w, = 34 and w, = 
14, without data the expected loss is $5.00, and with data 
is $4.70. Hence with this a priori information it pays to 
inspect two items only if the cost of observation is less 
than $.30. Such considerations are at the heart of select- 
ing a single stage sample size or a sequential sampling 
procedure.” 


TABLE 9 
Action Probabilities for Simple Strategies 


Decision Maker’s Strategies 


i 





States N;, 
of 
Nature N, 


86 
fle 


States N 18 |. .16 84 
of 
Nature N, 33 | .67 || .27 | .73 


The use of a posteriori probabilities to arrive at a pro- 
cedure identical to the admissible strategy defined in 
Table 10 is illustrated with w, 
which s, is optimal. 


34 and w, = \4, for 


If z, is observed 
3/4 X .82 
3/4 X 82+ 1/4 X .67 


plying #, and w, to Table 6, a; is found optimal. 
If z2 is observed 


3/4 X .16 
~ 8/4X% 16+1/4X. 


optimal. 


Wi 


= .79, W. = .21; upon ap- 


Ww; .64, 2. = .36, and a is 


If z; is observed 
3/4 X .02 
~ 3/4 X 02 + 1/4 X .06 


optimal. 


Ww = .50, wm = .50, and a@ is 


"This statement must be qualified if there is some value in 
collecting data, say, for making a future estimate of the a priori 
probabilities 

" As the reader may verify, increasing the sample size has the 
effect of lowering the boundary line in Figure 1 toward the origin. 
But the marginal value of successive observations varies with the 
form of the probability distribution, the sample size, and the a 
priori probabilities. Hence depending on the aforementioned con- 
siderations and data processing costs, it may, for example, pay to 
take two observations where it would not be economical to take 


one 
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TABLE 10 


Average Economic Evaluation in Dollars 


Decision Maker’s Strategies 
81 82 83 84 85 8% 87 8s 
States N, 0 
of 


Nature N, [20.00 18.80/14.60/13.40| 6.60! 5.40) 1.20) 0 


.20; 1.60) 1.80) 8.20, 8.40 9.80. 10.00) 


SUMMARY AND EVALUATION OF THE 
DECISION THEORY APPROACH 


As claimed earlier, the statistical decision theory ap- 
proach to data processing seems to isolate the crucial 
points of decision making problems. The outcome of the 
Decision Maker’s action is a function of not only what 
he does but what the true state of nature is. In spite of 
the difficulty of measuring economic consequences of 
different situations, it seems necessary to assume some 
sort of economic evaluation in order to arrive at any 
semblance of rationality in a systematic approach to de- 
cision making. The decision theory technique “auto- 
matically” weighs the different economic considerations 
involved in taking actions and gathering information. 

Some of the serious drawbacks which appear in the 
suggested approach should be discussed. It is very im- 
portant to realize that the limitations cited below may 
very well apply to any systematic method. Criticisms 
have been made at several levels of analysis. One set of 
criticisms concerns (a) the possibility of setting up a 
meaningful game in the first place, and (b) the feasi- 
bility of placing economic evaluations on different out- 
comes. The latter is partly answered by the reply that 
any statistical procedure has in it either an implicit or 
an explicit economic evaluation of outcomes. It is more 
realistic (and courageous!) to make such considerations 
explicit rather than implicit. The former argument, for 
example, questions the notions and assumptions involved 
in Table 2. Whether the requisite probability information 
is available is a factual matter to be determined for vari- 
ous situations. When such information is lacking, one 
should immediately be on guard in judging alternative 
approaches. 

A second level of difficulty is the amount of mathe- 
matical manipulations necessary to obtain an answer. 
This criticism includes (a) the high level of theoretical 
mathematics demanded to analyze a statistical game, 
(b) as a consequence, the concentrated effort needed to 
attain new theoretical answers, and (c) the difficult 
computations required to solve a particular case. Per- 
sons familiar with dynamic programming will recognize 
that, although the latter technique is a very powerful 
conceptual mode of analysis, even modern-day high 
speed computers are not economically able to apply, to 
particular cases, some of the theoretical results which 
have been found (6). Thus decision theory possibly may 
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become a helpful way of taking a first look at a problem 
or checking an approximate solution. 

A third level of difficulty pertains to the selection of a 
good strategy. Often a priori probabilities of N; are not 
known, and correspondingly a Bayes solution is not de- 
fined. One answer given to this criticism is that sufficient 
experimentation will result in a posteriori information 
“swamping” the a priori assumptions. Such an answer 
is hardly a convincing defense of the approach. Statis- 
ticians, much like economists writing in the area of 
“new welfare economics (1),” have often contented 
themselves with merely characterizing the class of ad- 
missible strategies, with the view that this is the class 
containing all rational strategies. But the practicing 
statistician will undoubtedly want some further help on 
choosing one strategy out of this class, and some indica- 
tion of how his present operating procedures compare 
with those suggested by the decision theorists. 

The decision theory approach presents a challenging 
and comprehensive way of looking at data processing 
problems. Surely any alternative approach should be 
required to answer the questions posed by decision 
theory. It remains to be seen whether decision theory 
has posed all of the essential questions, and furthermore 


Minimax 
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whether it will be able to answer those queries which al- 
ready have been formulated. 
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Inventory Control—Exploiting the Electronic 
Data Processor in the Air Force 


by LEON GAINEN 


Data Processing Group, Logistics Department, The RAND Corporation, Santa Monica 


T HE electronic data processor (EDP) is currently being 
applied in helping the Air Force logistician work through 
the paperwork bottlenecks which arise in the world-wide, 
large volume, high value business that he must control. 
This paper will discuss an Air Force logistical EDP ap- 
plication in the hope that we may be opening new vistas 
for the Industrial Engineer. No attempt will be made 
to dwell on the glorifying aspects of computer usage, nor 
to spend time describing the great potentials computers 
hold in store for us. Rather, the paper will attempt to 
describe what we are actually doing and the great pains 
we take to get the machine to do our job effectively. 

Although the case presented is in terms of the specifics 
of an Air Force application, the transformation to the 
context of any large business organization can be easily 
made. The reader will recognize general characteristics 
of the application, and many specific ones, which describe 
standard inventory and distribution control systems. 
Moreover, the solution herein described can be as appli- 
cable to the large commercial house as it is to the Air 
Force. 

It is the seope and volume of this job which makes a 
large scale data processing system necessary for effective 
execution and control of the procedures. Processors of less 
capability in logic and speed suffice where less activity or 
fewer automated decisions characterize the application. 
But whatever the processing system, manual or mech- 
anized, the system designer is required to specify each 
detail of every procedure which must be carried out, and 
each of the items of information required to satisfy the 
system objectives. Just as a posting clerk must be told 
the procedural steps to follow in implementing a policy, 
so must a computing machine have its procedures spelled 
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out. The consequence of missing any step is a breakdown, 
or circumvention, of a policy. The strength of the large 
scale computer with its powerful logical ability and ex- 
tremely high speeds is that more steps akin to managerial 
and supervisory level decisions can be associated with 
routine clerical operations than can be accomplished 
within medium scale equipment. 

This paper will be detailed, but the purpose of this 
detail is to give the reader a complete picture of what 
inventory control entails, and to illustrate the necessity 
for data processing systems design to specify every sig- 
nificant aspect of an application. 


INTRODUCTION 

Inventory control quite naturally becomes a_ prime 
candidate for EDP assistance inasmuch as inventory 
control is very much a problem of information control 
and information analysis. In a business as large as the 
U.S. Air Force, the mountain of information involved 
demands not only rapid posting to ledgers for satisfying 
the bookkeeping requirements of the business, but also 
requires complex analysis for accomplishing the manage- 
ment function. High speed, large capacity, logically pro- 
grammed data processors satisfy both these needs. 

Integrated data processing, using EDP, provides th« 
means for information aggregation and analysis for the 
volume of activity anticipated in a major logistical sys- 
tem within a time span that preserves the value of the 
summarizations. As implied by the term “integrated,” 
this approach commits an organization to recognize the 
interdependence of the many operations in which it is 
engaged. Even for the manager of inventory (a small but 
vital facet of the total logistics picture) posting swiftly 
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all transactions at all of his stockage points, thus main- 
taining up-to-date stock balances, is not sufficient in- 
formation with which to analyze his asset condition. 
There must be available to him back-up knowledge of 
system procurement status, existing program require- 
ments, due-in balances, and outstanding obligations owed 
to other accounts, for it is the whole of this knowledge, 
plus other information, e.g. the existence and the status of 
interchangeable or substitute items, which makes for a 
true understanding of a system-wide asset position. 

The EDP application discussed here is that of inven- 
tory control of the materiel supporting two major aircraft 
of the United States Air Force. A single point logistical 
support concept is in operation for these weapons. All 
bases flying these aircraft requisition spares from a 
Weapon Support Manager, who is responsible for the 
logistical support of these craft. Although the manage- 
ment is centralized, the support materiel is strategically 
positioned at storage sites throughout the country. 

As an indication of the magnitude of this operation, the 
planning was geared to recordkeeping and analysis of 
100,000 items, and an expected daily world-wide transac- 
tion load of 20,000 communications from bases to the 
Manager. The records are kept as magnetic tape files, 
which are scanned and processed at speeds which enable 
the entire 100,000 item inventory master file, for example, 
to be reviewed in less than two hours. The EDP for which 
this program was planned is the IBM 705-II. 

The functions of Air Force inventory control which 
are part of the program to be described are: A. Input 
Data Control, B. Substitution and Allocation, C. Trans- 
action Posting and Management Review, and D. Due-in 
and Shipment Control. The underlying difference between 
managing Air Force stock and managing commodities in 
other large businesses is in the requirement to respond to 
the mission of the customer. The Air Force logistician 
must take the 24-hour alert support demands into ac- 
count in the over-all system design of an inventory con- 
trol operation. 


INPUT DATA CONTROL 


In discussing the recordkeeping procedures and man- 
agement review operations applicable to managing prop- 
erly such a logistical system, we must keep in mind the 
need for complete knowledge by the manager for timely 
information relative to his system assets, repair schedules, 
consumption data, due-ins, etc. The data flows affecting 
the logistical system are between and among bases, stor- 
age sites, contractors, other Air Force depots and the 
Data Processing Center (DPC). In order that the DPC 
be capable of supporting the information requirement of 
the manager, all activity affecting the system, wherever 
it occurs, must be reported to the DPC. This is the first 
step in insuring that the records being kept for the 
manager are adjusted to reflect current status, 


\ system utilizing EDP, although capable of processing 
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large masses of data with tremendous speed and ac- 
curacy, is exacting in its demands. Input data required 
by such a system for maintenance of records must be 
accurate factually and in format or the system will not 
produce the desired results. Such centralized management 
control, geared to operate with transaction information 
communicated from remote bases, cannot be installed 
overnight; it must be phased into an existing, dissimilar 
environment and new procedures must be learned, The 
problem of insuring the receipt of accurate transaction 
input data for processing at the manager’s DPC becomes 
crucial, particularly at the early stage of implementation. 
The lack of mechanization at an input originating loca- 
tion generally means that transactions are either A. pre- 
pared on handwritten forms at the source for later 
transcription to high-speed EDP input form, or B. pre- 
pared in EDP input form at the source, where it will 
be an encumbrance upon the normal workload of the 
base. 

One important aspect of Input Data Control for any 
EDP operatiun, therefore, must be data checking. Two 
kinds of checks must be made; one is related only to the 
information on a single transaction; the other is con- 
cerned with verification of the completeness of a group 
or batch of transactions communicated to the DPC, In 
both cases accuracy is the general reason for checking. In 
both cases the data processor itself provides the most 
‘apable instrument for accomplishing these checks. 


EDITING THE INPUT TO EDP 


Single transaction verification is called editing. This 
includes both error checking and rearrangement of data 
formats. One promotes accuracy, the other is necessary 
for processing convenience. The systems designer does 
not always have complete format control over all of the 
desired inputs to his system, but usually has the ability 
to recognize and rearrange data facts on transaction 
communications originated outside the system. 

Programmed EDP error checks include: 

. Requiring the presence of given fields of information on 

transaction of a certain kind, 
. Range testing information fields against known upper or 
lower limits. 

. Validity checking, using a table of known acceptable values, 

all the key fields. 

Batch controls, such as a transaction count, a control 
total, serial numbering of the transactions in a group, 
and the restriction of each batch to a single source or- 
ganization, are necessary to insure that complete, correct 
transmission of transactions takes place. A centralized 
recordkeeping process demands that all transactions 
affecting centralized records be received by the DPC. 
The omission of transactions, or the inclusion of foreign 
reports results in erroneous centralized records and im- 
pairs the effectiveness of the system. 

Because this input data checking is a first step in the 
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EDP operation, the manager of the inventory control 
application is assured that every required check is ap- 
plied without fail. Routine checks are made rapidly, and 
judgment-type checks are programmed to the limit of 
the ability to state them logically. Only those exceptions 
which cannot be conveniently handled by EDP are man- 
ually edited. Finally, and most significantly, data errors 
are detected before they result in file garbles or undesir- 
able logistical system reactions. 


SCREENING AND DISTRIBUTING TRANSACTIONS 


The sereening and distribution aspect of inventory 
control requires a stock-number-sequenced file to be 
maintained for every item of supply which has ever been 
designated for control by the Manager. This data file is 
used in comparison to each incoming transaction in order 
to insure that the given stock number and its related data 
are technically correct, applicable to the manager’s con- 
trol system, and compatible with the records as they are 
currently being identified at the DPC. Furthermore, 
management control rules applicable to particular stock 
items are identified in this file, and transactions are 
either blocked from further processing or have manage- 
ment action code addended for cognizance during the 
processing cycle. If necessary, transactions are distributed 
to particular processing cycles only, or through par- 
ticular functions only, or are withheld from processing 
until after having been thoroughly reviewed by the Man- 
ager himself. 


INDEXING TRANSACTIONS 


An important additional use of this file:is the indexing 
operation. In the hundreds of thousands of items of sup- 
ply in the Air Force, many items are so similar both in 
design and function that they are completely interchange- 
able. For the purpose of procurement and identification 
they have different stock numbers and are catalogued and 
stored separately. But they are managed in the inventory 
as a single item. The indexing process is the step neces- 
sary to identify these groups of related substitute and 
interchangeable items. It assures processing through the 
substitution and allocation function of the inventory 
control operation (which, it will be seen, is not necessary 
for any item for which no substitute possibility exists) 
and guarantees that any analysis of management-re- 
quired statistics is done on this grouped set of parts. 


SUBSTITUTION AND ALLOCATION 

In any inventory control process there seems always to 
be the problem of critical items. These may be items that 
are in short supply for the known or expected needs of 
the system, or they may be items which have such a high 
value that special allocation procedures replace routine 
supply rules. In the Air Force there is the additional 
problem of assuring that materiel is available to fill re- 
quests from bases which have more urgent need by virtue 
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of either the mission of the base, or the supply condition 
of the base, as compared to others of the same mission. 
This implies the need for a procedure for allocating spare 
parts which recognizes these priority factors. 


THE SUBFAMILY 


Since there are certain substitute relationships existing 
between many of the items, management of the inventory 
takes these into account when allocating critical items. 
To do this requires a data file describing the interrela- 
tionships that exist between and among the parts, and 
giving the useable balances of these items in the system. 
In addition, stock monitoring levels and rules for with- 
drawing stock to the limits of these levels are established 
for each subfamily. A subfamily is defined as a set of 
parts which are completely interchangeable for all ap- 
plications of these parts. 


STOCK MONITORING LEVELS 


In our application, four stock monitoring levels have 
been established for the purpose of controlling issues of 
critical spares. In the substitution and allocation fune- 
tion these same levels are established for each subfamily 
in order to protect the entire subfamily of parts. Without 
subfamily levels it would be possible to fill a low priority 
request for Part A, of itself in sufficient supply, only to 
discover this part to be needed later as an interchange- 
able for Part B, which is in critical supply and for which 
a high priority request is received. 


REQUIRED SUBSTITUTES 


The substitution and allocation function performs an 
additional stock distribution control operation. The Air 
Force continually seeks to improve its effectiveness and 
operational capability and therefore supports product 
improvement programs which serve this purpose. Conse- 
quently, the supply system finds itself with interchange- 
able parts with only quality differences between them. 
Millions of dollars of useable inventory would be made 
obsolete unless some procedure could be established for 
purging the admittedly less desirable parts for those us- 
ages which could tolerate the lesser degree of quality. 
This again is a problem of allocation, and the data of 
the substitution and allocation file carries indicators 
which designate these parts as required substitutes. 
Requisitions for any member of the subfamily are auto- 
matically filled in the EDP operation with the stock 
number of the required substitute, wherever feasible. The 
importance of this “foreed usage” of satisfactory parts 
has tremendous economic implications. 


ACCUMULATING LOGISTICAL STATISTICS 


In addition to controlling critical item issues, sub- 
family grouping of parts enables the accumulation of 
consumption, demand, and other required management 
statistics in a more meaningful context. Data gathered 
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and analyzed in this logical grouping yield requirement 
factors, procurement quantities and repair schedules, to 
mention a few management reports, which are more 
representative of the actual needs of the Manager. Any 
current asset report, submitted either regularly or when- 
ever the stock position reaches one of the family, also 
includes all members of the subfamily. 


TRANSACTION POSTING AND MANAGEMENT REVIEW 
An inventory control process is based on a record of 
inventory, and a set of rules with which to effect stock 
movement into and out of storage locations. With EDP 
we are able to keep on magnetic tape balance informa- 
tion and management review codes for each item con- 
trolled by the Manager, consolidated into a single record 
which includes all the locations in the system. Thus,-a 
complete picture of each item, regardless of its condition 
or its location, is available to the data processor when- 
ever stock management rules are applied by the EDP. 


THE MASTER FILE 


The Master File consists of the entire set of consoli- 
dated records, one for each part. Each record ‘carries 
three groups of information required either for effecting 
posting and review, or for processing convenience. These 
are Fixed Indicative Data, System Summary Data, and 
Location Data. 

Fixed Indicative Data. Basically, this consists of cat- 
alogue-type information, such as stock number, procure- 
ment source code, dated-item codes, etc., and shipping 
information, such as cube, weight, unit of pack, etc. The 
index number, which allows the identification of sub- 
families of parts, is not a part of the Air Force catalogue, 
but it does accompany the stock number of a consolidated 
record that is being managed as a member of a subfamily. 

It is obvious that shipping information is needed in 
order to have the processor create a shipping order in 
answer to a requisition from a base, all management 
conditions being satisfied, but determination of whether 
or not these conditions are satisfied depends on the ele- 
ments of catalogue data included in the record. Differen- 
tial processing for different segmentations or categoriza- 
tions of stock is a powerful technique that is routinely 
and consistently accomplished in EDP whenever these 
special characteristics are programmed for computer 
recognition. 

System Summary Data. Within this section of each 
consolidated record are maintained the System Stock 
Monitoring Levels, which are used, in comparison with 
current system assets, in determining whether a system 
shortage or excess exists. So significant to this inventory 
control application is the concept of using these monitor- 
ing levels, that we shall describe this operation in detail 
even before a more complete discussion of transaction 
posting 
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System Stock Monitoring Levels 


Requirement Level (RL)—that level of stock (for the entire 
system) such that no system replenishment action is needed when 
system stock status is above this amount, and a routine replenish- 
ment cycle will bring stock up to the desired amount if it is 
initiated when system stock falls to this level. 

Warning Point Level (WPL)—less than RL, indicating ex- 
pected routine replenishment has been delayed. This is the first 
warning of impending criticality. 

Allocation Level—less than WPL, indicating allocation of ma- 
terial to high priority needs only, while other types of requisitions 
are back-ordered. 

Reserve Level—an amount of stock held for special release 


only. Coded approval of the Manager is required to draw stock 
below this level. 


It is only by including these monitoring levels that 
major stock review functions of the inventory manager 
‘an be accomplished by machine. As transaction posting 
to the consolidated record takes place, continual stock 
status review takes note of the latest inventory conditiow. 
within the system. 

For processing convenience, System Summary Data 
includes totals for all conditions of materiel. Compari- 
sons with the System Monitoring Levels is facilitated if 
serviceable assets held at all storage sites in the system 
are carried in a summary total. For this purpose the fol- 
lowing summarizations are established: 


System Summary Balances 
Serviceable Summary—stock positioned at any of the storage 
sites of the system which is ready for issue to a using location. 
Due-In Summary—stock moving into the system; these are 
assets soon to be available to satisfy requisitions and are included 
in the analysis of system asset position. 


Due-Out Summary—an existing backlog of unfilled orders of all 
priorities. 


The foregoing quantities, when compared to the System 
Stock Monitoring Levels, tell the Manager if the stock 
is at a satisfactory operating level. Defining the System 
Stock Status as: 


System Serviceable + System Due In — System Due Out 


we have a value to be compared to the monitoring levels. 
Before any shipping order is written by the EDP, the 
System Stock Status is recomputed and compared to the 
Stock Monitoring Levels to determine whether or not the 
originating requisition has high enough priority for the 
shipment to be affected. Furthermore, if a shipment is 
made, causing the System Stock Status to cross one of 
the Stock Monitoring Levels, a complete listing of the 
consolidated record for this item is produced for man- 
agement attention, and a transaction is created which 
will later cause a listing to be made of the schedule of 
all materiel due into the system from outside sources. All 
members of the subfamily will be included in this listing. 

Completing the set of information in the System Sum- 
mary Data of the Master File are Reparable Summary 
and Work Order Summary balances which give the Man- 
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ager a picture of the materiel in unserviceable condition 
which is either available for repair or has already been 
scheduled into the repair cycle. 

Location. Data. For each of the storage sites under the 
control of the Manager, balances of serviceable and rep- 
arable stock and balances of items reserved for special 
projects are recorded and posted as transactions affecting 
them are processed through the EDP. A Stock Control 
Level is carried with each set of location data. When 
the Manager receives a notice of system short supply, this 
Stock Control Level tells him the latest computation of 
each storage site’s desired stock position. Any replenish- 
ment is then scheduled into the sites in accordance with 
these levels. 


TRANSACTION POSTING 

We discussed the necessity for transaction reporting in 
a centralized recordkeeping system without indicating 
what kinds of transactions our inventory control opera- 
tion requires. We have already stated the necessity for 
all reports of balance changes in the system. Implied in 
any EDP operation of this scope is a large file main- 
tenance job. Transaction inputs are also required to ad- 
just the various pieces of management data in the many 
files which support the separate functions of this com- 
puter application. The following list is a set of transac- 
tion types reported to the DPC that are necessary for 
adjusting the DPC files to correspond with reality. 


T'ransaction Notices Which Change Balances 


Inventory Adjustments 

Change of Status; e.g., serviceable to reparable 
Receipts 

Shipping Directives 

Requisitions 

Reversals of Previous Balance Change Transactions 


Transaction Notices Relating to File Information 


Insertion of a Complete Record 
Deletion of a Complete Record 


Catalogue Data Changes; e.., price, stock number 


Level Changes , 
Requests for Information 
Within each of these categories there may be several 
separate transactions which the processor must recognize ; 
¢.g., inventory adjustment of a serviceable balance, and 
inventory adjustment of a reparable balance. The de- 
tailed planning for each processing path in EDP is very 
exacting in its demand that none of these transaction pos- 
sibilities be overlooked. The description which will follow 
will not be of the individual transactions flowing into 
the DPC, but rather, of the general types. The reader 
should extend these descriptions, especially those for file 
maintenance changes, in order to account for 55 separate 
transactions required to make this application operate. 


Transaction Notices Which Change Balances 


1. Inventory Adjustment—a revision required to bring the 
records in balance with the physical inventory. Reasonable toler- 
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ance limits are established within which adjustments will be ac- 
cepted; otherwise management action is required to determine the 
cause of the imbalance. For this, and for all other balance changes, 
both system and location balances of the consolidated record are 
changed. 

2. Change of Status—since all conditions of stock are maintained 
in the consolidated record, any transfer of materiel from one con- 
dition to another requires a transaction to indicate the balances 
affected, Frequently, serviceable materiel is withdrawn from issue 
until a modification is made. For the time it is undergoing modifi- 
cation, a suspense balance is recorded. This is accomplished by a 
change of status transaction. 

3. Receipts—incoming materiel increases balances on hand and 
decreases due in quantities. Variations which add to the total 
kinds of receipt transactions are: a. items coming from contractors. 
b. Air Force shipments from depots, and c. trans-shipment within 
the system from one storage site to another. 

4. Shipping Directives—a device for allowing management- 
originated shipments, either as a result of special approval pro- 
cedures or as a result of urgent requisitions communicated by 
telephone or radio. 

5. Requisitions—this is the primary action-originating transac- 
tion communicated to the DPC by a base. The action taken in 
answering requests from the bases or the repair facilities depends 
on a number of variables all of which must be considered with each 
requisition. The urgency of the demand is perhaps the most im- 
portant. In the Air Force this is expressed on a requisition in terms 
of the mission rating of the requesting unit and the days remaining 
before the item can be used. But one must consider this urgency 
in a relative way, else stock might be issued out of turn. Of course, 
this is not serious if there is ample issuable stock in the system to 
satisfy all priorities, but is extremely serious when there is a 
system shortage. The total system holding, regarded in terms of 
the total system requirements, is therefore, another factor which 
must be considered when answering requisitions 

6. Reversals—a simple error-correcting procedure which allows 
for undoing EDP action which had occurred incorrectly for any 
reason, 


Transaction Notices Relating to File Information 


1. Insertions, Deletions—allow for the expansion or contraction 
of the Master File as a routine processing step concurrent with 
balance posting. 

2. Catalogue Data Changes—in a centralized recordkeeping 
system it is imperative that the Master Files be the most current 
record of price, stock number, unit of issue, and every item of data 
required for a complete and accurate logistical computation. 
Recognizing that there may be time lags in bringing the many 
scattered base, storage site, and depot records to current status, 
the EDP application must be designed to change transaction in- 
formation that is incorrect, This has been discussed as a part of 
Input Data Control, which has its file made current by Catalogue 
Data Change transactions. 

3. Level Changes—as requirements for inventory change, due 
to variations in plans and programs, stockage objectives also must 
change. Especially when there is a complete and consolidated 
record giving the entire asset picture for the whole system, Stock 
Monitoring Levels should be responsive to requirements changes 
matched against known stockage position. Management review 
in transactions which update the Stock Monitoring Levels either 
periodically, or as a result of action taken after a short-supply 
condition had been noted by the EDP and communicated to the 
Manager. 

4. Requests for Information—a means provided for interrogating 
the Files-in order for the Manager to view information not avail- 
able soon enough from a routine report; or, a means of providing 
information on an infrequent basis in lieu of a full periodic report 
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Since report printing is the most time-consuming operation of a 
DPC, a Request for Information, coded to enable the EDP to 
extract specific pieces of information, serves the purpose of the 
Manager and at the same time relieves the DPC of what might 
be an overwhelming time burden 


Sequencing Transactions for Processing. It is important 
to note that the Air Force operates on a 24-hour day and 
with the DPC 
around the clock on high-speed transceiver equipment. 


that transactions are communicated 


The question then arises concerning the order in which 


these transactions must be processed and the frequency 


of processing. Although requisitions are received through- 
out the day, shipments to the bases are on a routine 
Military Air Transport Service schedule. There is ob- 
viously some period of time before the scheduled de- 
parture of these flights, and batch processing of requisi- 
tion transactions is feasible. For the present, it is believed 
that the highest priority requisitions may be batched 
and processed into a shipping order with a two-hour 
batch cycle, while all other transactions are processed 
in a single 24-hour batch cycle. 

The sequence of introducing transactions into the 24- 
hour, or major batch, cycle is of some interest. Since 
the files are arranged in stock number sequence, the 
major breakdown arranges all transactions into this 
order. Then, if there is more than a single input for any 
stock number, a further sequencing must take place. 
Actually, the only critical order from the balance-keeping 
point of view is that of placing receipt notices before 
requisitions and shipping directives. However, the com- 
plete rule states that all file maintenance transactions 
for a given stock number precede change balance trans- 
actions, and that within change balance inputs, the order 


18: 


Receipts 

Reversals 

Inventory Adjustments 

Status Changes 

Shipping Directives 

Requisitions (including previous Backorders) 


Finally, for equitable stock distribution, the Requisi- 
tions and Backorders are ranked in accordance with 
mission-rating of the requesting unit, and the days re- 
maining before the item can be used. Then, if allocation 
procedures are to be invoked, the proper distribution of 
stock occurs through the use of the Stock Monitoring 
Levels 


OUTPUTS OF MASTER FILE PROCESSING 


The outputs of Master File processing are either re- 
ports or action notices. Although some of these reports 
are not explicitly published documents, they must be 
included, since the use of the Request for Information 
makes available timely management data on an ad hoc 


basis. 
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Reports 


1. The Master File—From the point of view of the Manager, 
this file represents a continuous report providing him with detailed 
documentation of his asset position for each item in his inventory. 
On a regular basis; e.g., quarterly, some categories of stock will be 
reported completely in accordance with Air Force regulations on 
critical item control. On occasion, inquiry may be made to deter- 
mine current stock status, which would yield a special report for 
management review. 

2. Transaction Register—Each input to the EDP operation 
generates at least an entry onto the Daily Transaction Register. 
Where balances have been changed by a transaction, the new 
balance caused by the posting is added to the transaction before 
it is placed on the Register, In the case of requisitions, action 
coding is added to indicate the DPC action in response to the 
request. The Transaction Register is the audit trail provided to 
verify action taken within the data processor, and may be listed 
for visual checking when required in any number of different 
presentations; eg., for each storage site location aggregated 
monthly and sequenced by stock number action for each day; for 
each stock number, a running list of daily activity within the 
system. 

3. System Short Supply Notices—This output results auto- 
matically as soon as an EDP review of System Stock Status 
against any of the System Monitoring Levels indicates one of 
these systems balances has been reached. Any transaction reducing 
a system balance causes this review to take place, thus assuring 
constant surveillance of the inventory position for the Manager. 
It has often been said that the strict enforcement of the existing 
stockage review procedures would in itself be a great step towards 
improving Air Force inventory management. If this is the case, 
then an EDP application cannot help but be of benefit by pro- 
viding the Manager with timely information which helps him to 
foresee such logistical trouble spots as System Short Supply 
Notices. 


Action Notices 


1. Short Supply Triggers—Mention must be made here of the in- 
terfile communication required within the DPC. Because of the 
capacity limitations that exist in today’s data processor, the func- 
tions of inventory management have been described as separate 
operations, a supply and accounting function, an Input Data 
Control function, ete. There just are not enough information 
storage locations and procedure storage locations in the high- 
speed access memory of the IBM 705, or similar machines, for all 
of these functions to be performed simultaneously. 

The Short Supply Trigger is therefore created within the 
Transaction Posting operation in order to complete the report 
to management which is started with a System Short Supply No- 
tice. The Due-In File will receive the Trigger. This results in a 
listing of all assets expected into the system, with scheduled arrival 
dates, for the stock number or subfamily in short supply. With 
management data thus gathered and presented from any file con- 
taining data required for analysis of the shortage situation, the 
Manager can act judiciously. 

2. Status Notices—If a requisition cannot be filled at the DPC, 
either of three actions result, any of which requires a Status 
Notice to be sent back to the base from which the request 
originated, Either a Backorder results, or a Cancellation of the 
requisition is effected, or the requisition is Indorsed over to an 
Air Force depot which holds prime responsibility for the item 
requested. 

3. Shipping Orders—Perhaps the most significant action notice 
of the Transaction Posting and Management Review is the Ship- 
ping Order. This is a directive issued by the DPC which directs a 
storage site to ship a specific quantity of an item to a designated 
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consignee by or before a given date. The list of preferred choices 
of consignor had previously been made for each requisition during 
the Input Data Control function, but since this was done on a 
strictly geographical basis and without benefit of storage site 
balance information, the Master File now provides the means for 
choosing the correct shipping location. 


DUE-IN 

We have previously referred to reports of due-in assets. 
It is vital in any inventory control process to know of 
existing contracts for serviceable materiel, but, further, 
the schedule of arrival of materiel is of extreme im- 
portance. Because of production limitations, storage 
limitations, build-up factors in usage rates and budget 
considerations, deliveries to the Air Force are phased to 
bring certain quantities of goods into the system at a 
pre-determined rate. It is the purpose of the Due-In 
function of our inventory control operation to record and 
monitor the contractual obligations entered into between 
the Manager and suppliers. Because the Manager uses 
other Air Force depots as a source of supply, this is more 
than a procurement status monitoring. Because the vast 
majority of the 100,000 items in the total inventory are 
Air Foree procured, the file size is worthy of high-speed 
EDP analysis. With the establishment of a Due-In File, 
there is the obligation to maintain the information in a 
current status. Since the purpose of maintaining this set 
of records is to be able to inform the Manager of the 
status of due-in serviceable assets, all transactions affect- 
ing these records must be processed against the File. The 
reports from this file are not usually required with any 
periodicity, so the processing cycle is left open. In other 
words, unless a management request for Due-In informa- 
tion oecurs, there may be little need to update this file. 
Transactions are accumulated for an acceptable maxi- 
mum number of days, and the file is updated with this 
batch of information at the end of this time, or sooner if 
an information request is made. The kinds of data needed 
to establish records are either of two types: A. purchase 
requests establish contract due-in items, or B. requisi- 
tions to a depot establish the system due-in from the Air 
Force. In both cases it is the original order which estab- 
lishes the basic record. 

Changes to this record, whether system, Air Force, or 
contractor originated, update the information in this file. 
In the main, these transactions are of the following types: 

1. Receipts Notices 

2. Quantity or Delivery Schedule Changes 

3. Contract Amendments and Supplements 


The management information published from this 
file is mostly in the form of status reports. The Short 
Supply Trigger, an output of the Transaction Posting 
and Management Review function, has already been 
described. A Request for Information, similar to that 
described previously, also produces a visible display of 
the requested due-in record. These status reports are of 
a special nature and would force a processing cycle to 
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occur, at which time the report would be extracted from 
an updated, current file. 

At regular intervals, e.g., quarterly for critical items, a 
Due-In Status Report is published for management 
review in conjunction with a listing from the Master 
File. The information published would include an analy- 
sis by the EDP of such things as overdue shipments, 
shipments arriving according to schedule, quantity varia- 
tions in excess of that allowed in the contract, etc. 
SUMMARY 

It is important that we re-emphasize the functional 
approach to the- whole inventory control problem. The 
use of EDP in the decision-making areas of this process is 
feasible, especially when one counts up the many, many 
decisions which are essentially of a clerical nature. Fur- 
thermore, if management of the Air Force (or any bus- 
iness) wants to be sure that policy bearing on clerical- 
level decisions is categorically complied with, mechaniza- 
tion is mandatory. A virtue of large-scale EDP is in the 
numbers and kinds of decisions of this type that can be 
spelled out within the instruction storage and file data 
storage capacities of this type of equipment. 

But, we must hasten to repeat that our approach to 
this inventory control problem is predicated on the phi- 
losophy that it is not at all sufficient to employ EDP 
purely in clerical-level decision-making. Data analysis, 
using information aggregated in significant inventory 
terms, e.g., the subfamily, is a rewarding result from the 
use of EDP. In this way, policy-making is influenced by 
timely EDP analysis of pertinent inventory data. Stated 
in another way, many inventory management decisions 
can be formulated, the data assembled and analyzed and 
the decision executed in today’s EDP. At the very least, 
the data processor is employed to bring together all the 
data relevant to the decision-making process for presen- 
tation to management in a comprehensive, consolidated 
fashion. This facilitates the Manager’s decision-making 
process, e.g., the Short Supply Notice and the Due-In 
Status Report. 

Finally, it must be recognized that a price is paid in 
automating information processing. The requirement for 
complete accuracy of input data, both in format and in 
technical contents of the input, requires rigid procedures 
which non-mechanized systems have been able to do 
without. However, editing and screening processes, as 
those incorporated into Input Data Control, provide 
inventory managers with a large measure of confidence 
in the validity of their files, which in the past they have 
been without. 

Finally, a word should be said for the opportunity 
which the large-scale EDP provides the business systems 
designer for effective integration of interrelated business 
processes. The crux of worthwhile EDP utilization lies 
in good systems analysis. Hence, here is a tool for 
implementing methods well known to the Industrial En- 
gineer. 
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The Manufacturing Progress Function 


by R. W. CONWAY and ANDREW SCHULTZ, JR. 


Department of Industrial and Engineering Administration, Cornell University 


Tue importance of an improved quantitative approach 


to productivity is becoming more obvious as time passes 
Difficulties of definition, of measurement, and of deter- 
mination of causal relationships seem inevitable in any 
study in the area. In this paper the authors present initial 
empirical studies of manufacturing progress and tentative 
conclusions which might be helpful both in the use of 
the relationships described herein and in further research. 

Many familiar with industrial production problems 
have observed that progress in production effectiveness 
frequently takes place as time passes and manufacturing 
continues. Such progress is founded upon a multitude of 
causes, many of which operate in any specific situation. 
Such progress is not learning in the true sense—improve- 
ment in the performance of a fixed task—but is essen- 
tially progress of an organization which learns to do its 
job better by changing the tasks of individuals. For this 
reason, use of the term “learning curve” is avoided, and 
“manufacturing progress function” used instead. 

A variety of means of measuring progress are possible. 
Involved is the definition of methods of measurement 
and units of measurement that are both feasible and use- 
ful. Manufacturing accomplishment is generally meas- 
ured in terms of units or volume of output, frequently as 
a rate of production or yield. Inputs are measured in 
terms of monetary cost (which is often an unsatisfactory 
unit due to its changing value), quantities of material, or 
hours of labor or machine time. For most of the studies 
shown here progress is measured by the relative inputs 
of labor hours, although studies have been made in which 
labor cost and total cost measures were obtained. The 
custom has been to measure progress against a time 
base, rather than against a base of cumulative produc- 
tion quantity. Use of total realized production is perhaps 
not. consistent with accounting procedures, but does re- 
sult in all cases studied in a considerable sharpening of 
the relationships developed. 

One purpose of measuring progress is the desire to 
predict future progress for purposes of estimation, deci- 
sion, planning, control, and appraisal. New product 
estimates, major changes in existing products, and major 
changes in methods of production can all be made with 
sreater assurance if quantitative predictions of progress 
are available. Such progress implies varying output per 
employee, per work station, or_per square foot and affects 
labor requirements, space utilization, manufacturing cost, 
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and equipment utilization. Definition of the type of 
variation in quantitative terms makes possible better 
planning and control. 

Such measures hold promise of providing a better basis 
for the budgeting of engineering and other efforts in cost 
reduction activities, for the budgeting of production vs. 
product engineering, and possibly for providing some 
objective indication of organizational achievement. Un- 
derstanding of a productivity measure should be of use 
in decisions relating to wage policy which frequently 
seem to prevent such progress. 

Mere knowledge of the fact that progress occurs is 
helpful in many decisions, but quantitative measures 
are essential when the amount of progress possible and 
likely is a significant proportion of initial or final cost. 
Thus, in areas where product change is rapid, the po- 
tential for significant progress generally exists and means 
of measuring it lead to improved decisions, different 
methods of manufacturing control, and greater assurance 
in forecasts and estimates. 


WRIGHT’S MODEL OF PROGRESS 


The widely used “aircraft learning curve” originated 
by Dr. T. P. Wright (14) represents a significant at- 
tempt to measure manufacturing progress. The resulting 
relationship has found broad use in the aircraft industry 
and in the governmental agencies which are responsible 
for contractual relationships and price problems in air- 
craft procurement. This relationship applied to other 
industries is studied in the paper, and its characteristics 
are therefore described at this point. 

Dr. Wright observed that in his experience the average 
cost of producing each of a series of orders for a particu- 
lar plane model diminished as the orders accumulated. 
Figure 1 illustrates this relationship. The model which 
Wright suggested is as follows: 


y= at 

where: 

i is the production count, beginning with the first unit 
i =>1 (usually integral values) 

y; is the labor hours required for the ith unit (alter- 
natively can be defined as the cost of the ith unit) 

a is the labor hours required for the first unit hence 
a=y; 

b is a measure of the rate of reduction. 
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Fic. 1, 75% Progress Function on Arithmetic Coordinates. 
Substituting y, for a: 
¥=ynt? Eq. 1. 


This model has the characteristic of describing con- 
each time the cumulative 
production is increased by a constant percentage the 


stant percentage reductions: 


unit labor requirement is decreased by a constant per- 
centage. If 1, and 1 are two points in production and: 

a 

i; 
then 
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Hence the ratio depends only on C and b, and not on 
ii, lg Or y;. The rate of progress is usually described by 
giving the complement of the reduction that occurs 
when the production quantity is doubled. This is equal 
to the quantity C~ 
le /1y ay 2). A 
designated an 80% curve (2>-°2? 


expressed as a percentage (where 
“curve” for which b 0.322 is 
0.80). 

The logarithmic transformation of this model is: 


(log y;) = (log x1) — b(log 7) Eq. 2. 
which is the equation of a straight line with slope (—b). 
Data can be plotted in this form either by plotting the 
logarithms of the coordinates on conventional arithmetic 
coordinate paper or by plotting the data directly on 
logarithmic coordinate paper. Since much of the use of the 
progress function has been graphical it would seem likely 
that the popularity of this model is in part due to the 
convenience of the linear relationship of the log-trans- 
formed data. 

The cumulative average hours per unit' is frequently 
considered in work with the progress function and is de- 
fined as follows: 


*The cumulative total is sometimes used and is defined as: 
I 


wil =D y 


tal 
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where: 
jj, is the average hours per unit taken over all units 
from the first to the Jth.? 
Substituting for the unit time (y;): 


I 


Y ; 
i 7 DS ag 


Since this summation becomes tedious for large values 


Eq. 3. 


of J it is convenient to approximate the sum by an inte- 
gral which can be evaluated as follows: 

Yr 
I(i-b 
The (log) plot of the cumulative average is asymptot- 
ically parallel to the (log) unit curve for the formulation 
given so that for large values of J (>100) the following 
simple relationship can be used: 


s | tees 


7 [(l + 4)*-* — ()**] 


Figure 2 shows the unit and cumulative average curves 
for the data of Figure 1 on logarithmic coordinates. 

Some hold that the cumulative average (rather than 
the unit time) should be proportional to a power of the 
cumulative production: 


i=ynt? Kq. 4. 
in which case the unit time is given by: 
yc = (9; — GG — Dia = pli — G - VD b+1| 


which is not a linear log relationship but is asymptotically 
parallel to the (log) cumulative average curve. For large 
values of i (>20) the following simple relationship can 
be used: 
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Fic. 2. 75% Progress Function with Linear Unit Curve. 


* 1 is a specific value of i, used to avoid confusion when i is the 
index of a summation. 
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y¥i~ 91 — b) = y (1 — BD) 

Figure 3 shows the cumulative average and unit curves for 
the data of Figure 1 using this alternative formulation. 

Since proponents of neither model are able to establish 
their position by logic, and empirical evidence is far from 
sufficient to establish the superiority of one alternative, 
the choice in usage has been largely a matter of compu- 
tational convenience; when the unit curve is of primary 
interest and use, the first model is selected; when the 
cumulative average curve is primary, the alternative 
model is used. Since in either case the two curves are 
parallel for large quantities of production the difference 
is important only during the initial stages of production 
and hence for many applications, not crucial. The authors 
contend that the cumulative average formulation of the 
progress function is overused—primarily because the 
averaging process has tremendous power to smooth the 
data and enhance the appearance if not the substance of 
the curve. 

It is of interest to consider the sum of two such series 
(assuming now the initial model) : 


Yi = yu t 
Yor = Yu t™ 
The sum is: 


(Yr + Y2)i = Yu t+ Yo t- 


A plot of (Yi T Yo) 


Eq. 5. 
; against 7 on log coordinates is a 
convex curve whose shape depends upon the four values 


(Yi, Yor, Di, be). The plot will be a straight line if and 
only if b, b, = b: 


(Yi + Y2)i = (Yu + Yu) 


Therefore, if the model is assumed to hold for two sepa- 
rate portions of a task it cannot also be assumed to hold 
for their sum unless the separate curves have the same 


slope—which will not in general be the case. Strictly 
speaking then, this precludes the use of the simple 
“linear” model for operations, departments, sections and 
total of the same project. Theoretically it can at best 
apply to only one level. 

This particular form of relationship has not yet been 
logically or mathematically related to manufacturing 
procedures in terms of quantitative cause and effect. 
Perhaps it never will be. The basis for its use in the air- 
craft industry rests upon several points. First is its 
intuitive logic: progress continues as production cumu- 
lates, but at a diminishing rate. It seems natural for 
engineers or managers first to seize those opportunities 
for improvement which yield the greatest progress. Thus, 
as production cumulates, opportunities for large savings 
become less obvious and are less frequently discovered. 
Progress continues, but more in the nature of refinements 
than major changes. Apparent stability is achieved, with- 
out the absoluteness of complete elimination of further 
progress. Second, is the fact that it fits well empirically. 
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Fic. 3. 75% Progress Function with Linear Cumulative 
Average Curve. 


Dr. Wright’s original use of the form sprang from his 
experience (14). As can be seen from the following ex- 
amples, actual production data is often well-fitted by the 
function. 

On the other hand, Industrial Engineers have long 
known that once a control or quantitative objective is 
imposed upon an organization, there are strong forces 
created to make the performance fit the objective. Use of 
a function such as this as a control device will inevitably 
influence the data. Hence the argument that it has so 
“worked” in practice is at best a weak defense of it. It is 
the authors’ opinion that belief in a constant percentage 
model such as the 80% learning curve is dangerous and is 
logically indefensible on an empirical basis if during the 
empirical period it was used as a control. There are many 
other questions about the manner in which the aircraft 
curves were derived and used, some of which are con- 
sidered in reference (3). 


LOGICAL RELATIONSHIPS 


Presumably the cost associated with the first unit of a 
series and the subsequent rate of progress are the results 
of the engineering and production environment which 
bring the product into existence. Reference (8) provides a 
rather complete discussion of such factors divided into 
two categories, those activities undertaken before the ini- 
tiation of production and those concurrent with produc- 
tion which influence cost. Presumably the devotion of 
more effort to pre-production factors would lower the in- 
itial cost and the devotion of more resources to during- 
production factors would increase the rate of cost de- 
crease as production progresses. 

The various engineering and design decisions’ made 
both with regard to the product itself and the method of 
manufacture are strongly influenced by the anticipated 
volume of production. This involves two components—the 
estimated rate of production and the estimated duration 
of production at this rate. If it is assumed that the manu- 
facturing life of the product is expected to be relatively 
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long, then the anticipated rate of demand becomes critical 
in the determination of those factors which influence cost 
initially. Graphically this might be illustrated by Figure 
4. In general this will be a surface showing cost decreas- 
ing with an increase in either rate of production or cumu- 
lative production (and also with the third variable, not 
shown, anticipated duration of production). Since the 
progress function is an attempt to relate the reduction in 
cost to only one of these variables—cumulative produc- 
tion—the other two must be considered of primary im- 
portance in determining the characteristics of the rela- 
tionship. 

Among those judged important are the following pre- 
production factors: 


1. Tooling—type of tooling used and degree of completion or 
development prior to production 
Equipment and Tool Selection—volume for which production ; 
was planned 

Product Design—extent to which manufacturability was con-° 
sidered and the degree of change required subsequently 
Degree to which product design and manufacturing engi- 
neering were coordinated prior to initiation of production. 
Methods—the degree to which work methods in detail are 
predesigned and the effort devoted to associated Jig and 
fixture design, flow analysis, etc. 

State of the Art—relationship between the difficulty of the 
task and the ability of the organization to perform it 
Magnitude of the Design Effort—time and effort devoted to 
the problem of pre-production manufacturing design, specifi- 
cations, test, inspection, etc. 

Shop Organization—including handling methods, pre-produc- 
tion training, skill, planning organization, etc 


All of these will have some bearing upon initial cost 
and influence the number of opportunities for cost reduc- 
tion subsequently. Such subsequent progress will be in- 
fluenced by a number of during-production factors of 
which the following are representative: 


1. Tooling—changes during production, method of increasing 
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capacity for increasing demand (replication or redesign of 
production method). 

2. Methods—changes during production, work simplification and 
similar programs, operator originated changes, method of 
capacity increase. 

3. Design Changes—degree to which manufacturing and product 
designs are changed to allow minor economies, specification 
and inspection changes as experience is gained. 

. Management—improved planning, scheduling and _super- 
vision to encourage progress, increase effectiveness, diminish 
delays and idle time. 

5. Volume Changes—changes in rate or anticipated duration of 
production which affect other factors and decisions. 

5. Quality Improvements—the gradual reduction of rework and 
repair operations, the reduction of scrap losses. 

. Incentive Pay Plans—manner in which administered, when 
installed. 

3. Operator Learning—degree to which operators decrease time 

utilized in execution of a specified task. 


Based on the writers’ experience, the last item above 
has either been overemphasized or erroneously indicated 
as the principal causal factor in some discussions of the 
funetion (2) (9). Contrary to the opinion of many such 
reporters it is believed that operator learning in the true 
sense of performance of a fixed task is of negligible im- 
portance in most manufacturing progress. However, the 
operator may contribute improvements in task method 
in some environments. Despite this, tooling, flow, and 
methods changes along with product design changes have 
been found much more significant. Such changes are 
usually the result of management and engineering effort 
rather than operator learning in any sense. 


ASPECTS OF EMPIRICAL STUDIES 


When these studies began in 1953, the authors could 
find in the literature only two studies which presumably 
were taken from data uninfluenced by the use of the 
power function as a control device. These studies were 
Wright’s original paper which dealt with extremely low 
volume and parameters basically different from those in 
this paper, and Hirsch’s study (9), from which the term 
progress function has been adopted. The conclusion had 
been reached that a number of empirical studies of data 
from firms with varying volumes, complexity of product, 
methods of engineering organization, and type of manu- 
facture would be necessary to explore the possibility that 
use of such a function had any validity. In the summer of 
1954, the Operations Research Office of The Johns Hop- 
kins University made it possible to initiate some studies, 
and the authors had an opportunity to study the rela- 


*It is interesting to note that most psychological studies of 
learning compare performance time with elapsed time rather than 
with accumulated number of performances. Elapsed time seems a 
comparatively poor measure and is certainly a difficult one to 
convert from one task to another as it is neither proportional to 
number of repetitions nor a direct measure where long cycles with 
interruptions are found. The authors have noticed in several 
studies where actual performance counts were made that a superior 
relationship is shown where repetitions are used as a base. See 
Figure 7. 
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tionship in a number of firms where the function was not 
prejudiced by previous use of any explicit progress model. 
Four different firms cooperated, data from eight different 
plants were obtained, and products ranging from ex- 
tremely complex to relatively simple and in cumulative 
production volumes of from 50 units to 200,000,000 were 
studied. Subsequently, in 1955, the authors were able to 
complete a study of considerable depth within one organi- 
zation. 


RELIABILITY OF DATA 


The selection of the firms and products to study is a seri- 
ous problem in an investigation of this nature. The authors 
had had enough experience in industrial situations to be- 
lieve that most firms which use individual incentives 
such as piece rates for wage payment and control pur- 
poses also create an environment in which output is 
restricted, actual labor times are seldom accurately re- 
corded, and considerable doubt exists as to the validity 
of operator times charged to direct vs. indirect labor ac- 
counts. The authors therefore suffer under no delusions 
about the accuracy of industrial data. In addition, many 
accounting and cost accounting procedures also operate 
in such a manner that the information necessary for such 
studies is either unavailable in proper form or is buried 
in a total that includes irrelevant information such as 
allocated common overhead costs which may or may not 
vary in time. The study was approached with full knowl- 
edge of such problems, and the selection of firms and 
products made was on the basis of such matters as well 
as the desire for variety. 

There are many problems in such empirical studies. 
Merely obtaining the production count is often difficult. 
Such factors as varying lot sizes, varying lead times, and 
varying schedules make it difficult to associate specific 
costs with specific production quantities of the end item. 
Some components will be produced in relatively large 
volume in initial lots, or lots will be split in process of 
production. In many cases, as with some standard cost 
systems, actual product cost in terms of dollars or labor 
time are unobtainable. It also is difficult to interpret 
design and model changes. It becomes a matter of judg- 
ment to decide when a change is significant enough to 
justify treatment of the product as a new model, and 
when it should be treated as normal progress with the 
current model. 


PROBLEM OF AGGREGATION 


Experience has shown that the problem of aggregation 
is a serious one. For a complete product the function 
applies to an aggregate of parts, components, sub-opera- 
tions, and assembly operations. Or for a given organiza- 
tion, the function may apply to an aggregation of similar 
products. In any event, the function is applied to an aggre- 
gation rather than individual operations. And there exists 


first the problem of determining what items are to be ag- 
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gregated for purposes of the investigation and then the 
question of the mechanics of aggregation. The selection of 
those items to be aggregated involves compromise between 
short and long range objectives since the development of a 
predictor and explanation of the predictor often involve 
two different bases of aggregation. Obviously the organi- 
zation of the facility and the method of manufacture fur- 
nish one basis for aggregation while the inherent charac- 
teristics of operations performed and of the components of 
the product or operation furnish another. In one instance 
the authors used the following basis for aggregation of an 
electromechanical product: 
1. Final assembly operations. 
a. Large labor content assembly operations, unpaced, 
b. Wiring operations. 
c. Inspection, test, clear trouble. 
. Sub-assembly operations. 
a. Major, special purpose assembly. 
b. Minor, common or standardized sub-assemblies. 
. Components. 
a. High value components. 
1—Special purpose. 
2—Common or standardized. 
3—Purchased. 
b. Low value components. 
1—Manufactured. 
2—Purchased. 


The classifications shown were selected for reasons of 
economic feasibility, of production organization, and 
record organization rather than purely on the basis of 
content. Separation of planned or controlled or paced 
production situations from uncontrolled situations; of 
those with unlike quality characteristics; and of high 
labor content assembly operations which are in fact sum- 
marizations of repetitive operations from those which are 
summarizations of diverse operations are all highly de- 
sirable. Similar bases for segregation of parts or sub- 
assemblies can also be suggested. Such classifications, 
however, demand considerable competence on the part 
of those making the study and are subject to the criticism 
that for application of the function, much subjective 
judgment is required until more knowledge is gained. 

However aggregated, problems in the mechanics of 
aggregation are found. Product is produced at different 
times in different sized lots. The question of what to add 
to what in order to obtain aggregated cost to associate 
with a specific value of cumulated production is not 
simple. One method is to time phase the data and add all 
values makjing up a specific accumulation of end-product. 
Such addition is subject to the criticism that components 
with long lead times actually should be associated with a 
later quantity of cumulated production. Another pro- 
cedure is to accumulate each item cost vs. its own cumu- 
lated production and then add up values from fitted 
curves. 

Pursuit of this latter method leads to what is an ap- 
parent logical inconsistency in use of the progress func- 
tion. 
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As stated previously, the sum of a series of power 
functions is not another power function unless the powers 
are identical. It is certain that for various types of 
operations the powers or characteristics differ; hence, the 
attainment of a convex shape rather than a linear one 
will follow their addition. Implicit in this is the assump- 
tion that individual series are fitted by the function and 
not the aggregation. The authors well understand the logic 
of convexity but have no empirical data upon which to 
base the belief that it is the individual series rather than 
the aggregate that is fitted by the function. In the several 
situations in which the authors have considered different 
levels of the same product it has been uniformly true that 
the variability of the data varied inversely as the level of 
aggregation. The data for individual operations are often 
so highly erratic that it is largely academic to discuss 
whether or not the linear model is applicable. This 
variability diminishes as one aggregates groups of opera- 
tions and ultimately includes all final assembly. There 
are perhaps two explanations for this phenomenon. The 
first is mathematical; the second is a characteristic of 
shop practice. First, in considering groups of operations 
we are in effect considering the sums of a number of 
chance variables. In general, such sums are much better 
behaved than the individual chance variables. Secondly, 
frequently the definition of individual operations is not 
constant over time. A particular portion of the work that 
must be performed on each unit will be shifted from one 
operation to another. This can be done for a number of 
different reasons, perhaps the most common reason being 
to improve the balance of operations. This means that the 
data for an individual operation do not represent a fixed 
portion of the téial job. The variability of the data is 
inflated by having elements of work removed from or 
added to the task. The effect of this difficulty diminishes 
with aggregation; for example, considering the sum of two 
operations the data are unaffected by work transferred 
between these two operations (assuming the times for 
elements are additive). Considering the product as a 
whole, redefinition of operations does not affect the data. 
In either event, the error apparently lies in extreme 
extrapolation rather than in the area of operation de- 
scribed in this paper and in others using this conception 
(12). 


REQUIREMENTS FOR ESTIMATING 

The use of the device as a predictor requires some clear 
definition of the estimating values of the parameters of 
the function. Much of its use in the aircraft industry 
implies the use of initial cost of the first item as a basis 
for extrapolation and use of a uniform 80% character- 
istic to define slope. Even if, as seems doubtful, one is 
able to determine with any accuracy the cost of the first 
unit, its use as the basic parameter to locate the function 
is not necessarily advisable. As a matter of fact, in only 
one of the many hundreds of sets of data were the 
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authors able to determine the first piece cost of any item, 
assembly, part, or component. In addition, it seems un- 
likely that first piece cost can be determined soon enough 
to enable its use as a predictor. To be useful for produc- 
tion decisions related to engineering effort, production 
planning, manpower planning, or design changes, esti- 
mates far in advance of production are necessary. 

It seems logical to believe that most estimates are made 
on the basis of some implicit conception of stabilized 
production volume and conditions peculiar to the firm and 
its environment. This has been observed by one of the 
authors where a number of production engineers with 
backgrounds in different firms and industries estimated 
the cost of manufacture of the same product. The esti- 
mates varied in relation to the customs and methods of 
the firms involved, ranging from a maximum by an engi- 
neer from a firm that built special equipment to a mini- 
mum by an engineer from a high volume appliance pro- 
ducer. In one instance the authors were able to check a 
series of pre-production estimates with the actual produc- 
tion cost history of the products estimated. In this case 
the estimates were not achieved in general until from six 
months to a year after the product was in production— 
the time that apparently was required to allow develop- 
ment of the production process and sufficient volume of 
production to work out the bugs in production and prod- 
uct design and to develop an effective production pro- 
cedure. In this instance the product life cycle was meas- 
ured in a number of years with gradually increasing 
production rate which often leveled off after several 
years. Also, in this instance, little or no pre-production 
engineering took place in assembly while a great deal of 
pre-production engineering took place in component fabri- 
cation. Estimates seemed unbiased in either situation 
with perhaps more dispersion in assembly operations, but 
the point in time at which they were achieved differed 
between the two types of operation. 

Apparently, study of past estimates in this manner 
enables an empirical determination of the relation be- 
tween the average estimate and some point on the prog- 
ress function. Once such a determination is made, the 
difficulties of obtaining first item cost are avoided. Also 
error in use as a predictor is minimized, since there is 
some possibility that control to the planned estimate 
may occur and opportunity for such control exists. 


ESTIMATION OF SLOPE 

The determination of the curve characteristic or slope 
is a more difficult problem. Implied is the development of 
classifications which differentiate properly among defin- 
able operations which have basically different cause and 
effect patterns. Also implied is the determination, based 
upon collection and analysis of sufficient data, that the 
function applies to the classification. Next, there is im- 
plied ability to categorize or classify a product into these 
classifications and finally the strongest assumption of all 
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—the assumption that the complex production and engi- 
neering organism will continue to act in the future as it 
did in the past with the result that the curve character- 
istics associated with each class still apply. It is this 
latter assumption that is most questionable, and when 
combined with the recognized effect of imposition of a 
control device there is a real danger that significant 
opportunities for progress may be overlooked through use 
of a curve characteristic that is too high. 


SOME EMPIRICAL RESULTS 


The following examples are drawn from the studies 
referred to in the introduction. The examples have been 
selected to illustrate certain points and to show the wide 
range of products to which the progress function is po- 
tentially applicable; they have not been selected as the 
series which are best approximated by a linear hypothesis 
nor are they intended to provide representative values of 
slope. 


FINAL ASSEMBLY OF LARGE UNITS 


The first example (Figure 5)* is the final assembly 
labor for an electronic assembly. The labor content could 
be measured in tens of hours. Fairly good estimates of the 
anticipated rate and duration of production of this prod- 
uct were available as the firm involved changes in models 
at regular intervals. This product superseded prior prod- 
ucts but was similar to them, both in technology of 
design and general method of manufacture. The final 
assembly work was paced by a powered conveyor. Dur- 


ing the early stages of production the speed of this con- 
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ire shown; a statement of the order of magnitude of the labor 
content for each product is given in the text. Each point on the 
curves represents the mean of a lot—in no case the authors studied 
was every unit costed individually. The lines shown have been 
fitted to the logarithms of the data by the method of least squares, 
In that fitting each point was weighted by amount of production it 
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veyor was increased as the time required for individual 
operations was reduced. In such circumstances a major 
contributor to progress would be the rebalancing of 
operations. Ultimately the speed of the conveyor was 
stabilized and further progress could be achieved only 
by the elimination of operations by redesign or by im- 
provements in quality and the consequent elimination of 
rework operations. 

The final assembly for an electro-mechanical product 
whose labor content is in hundreds of hours is shown in 
Figure 6. Again in this case both the anticipated rate and 
duration of production could be predicted reasonably 
well. However, unlike the preceding example, the work 
here was entirely manually-paced. 

The final assembly labor of a third product (not 
shown) of comparable magnitude and complexity ex- 
hibited a similar pattern of progress. Superficially, it 
would be tempting to conclude that in each of these 
cases the apparent convexity of the total final assembly 
indicates that the linear model is applicable to a lower 
level of aggregation. However, in the first case (Figure 
5) there is a distinct change in slope, rather than a 
general convexity and it would seem likely that this 
could be attributed to the manner in which the speed of 
the powered conveyor was programmed. In the other 
two cases, progress was studied by individual final as- 
sembly operations in an attempt to answer this question 
as well as to identify progress characteristics with par- 
ticular types of operations. It was true that in each case 
the individual operations exhibited considerable differ- 
ences in slope, but in each case the distinct leveling out of 
the total final assembly at high levels of cumulative pro- 
duction must be attributed to the fact that certain individ- 
ual operations experienced a sudden and marked reduction 
in the rate of progress. A most interesting observation is 
that this change in rate in different operations occurred 
almost simultaneously so that the aggregate final as- 
sembly exhibits a sudden, rather than gradual, change in 
slope. 
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CLASSIFICATION OF ASSEMBLY WORK 


For the product shown in Figure 6 the individual final 
assembly operations were divided into three categories 
(by the authors, not by the firm): 


1. Assembly—assembling sub-assemblies and manufactured 
parts to the main framé of the product. Some machine work, 
primarily drilling and boring, was involved, but this was 
minor and never represented more than 10% of the operation 
time 

Repetitive assembly—work in which a similar cycle is re- 
peated a large number of times on each machine. In the 
product under consideration there was a substantial amount 
of highly repetitive wiring work. 

Test and adjust—work is primarily adjustment of portions of 
the product already assembled; the assembly of additional 


parts and sub-assemblies is a minor part of the operation. 


unreasonable classification and 
possessed certain empirical advantages. It coincided with 
organizational divisions in the firm so that data collec- 
tion was simplified, and most importantly, although work 


This seemed a not 


was frequently transferred from operation to operation 
within one of these categories, rarely did work move from 
one category to another. The sum of the operations in 
each of these categories is shown in Figures 7, 8 and 9. A 
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Fic. 7. Final Assembly Labor—Category 1, Product B 

distinet plateau is apparent in the plot of the “test and 
adjust” category, while the other two continue with ap- 
proximately a constant rate of progress to the end of the 
data. The reason for this plateau in category 3 was never 
determined with any degree of certainty. Progress in this 
category apparently ceased when the unit time reached 
the time which had originally been estimated for the job. 
Yet progress in category 1 continued right on past the 
“estimated time.” A special cost-reduction task force of 
engineers was working on this product during the first 
several years of its production. It is possible that this 
group concentrated on the test and adjust category— 
which initially dominated the final assembly time—until 
the time required was brought down to the estimated 
time and then turned their attention elsewhere. There is 
some support for this hypothesis in the record of engi- 
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neering changes and tool changes but no one would 
acknowledge that this was in fact what had happened. 
Another question which has not been answered satisfac- 
torily is whether the observed differences between cate- 
gories are significant with respect to the variability of the 
data. Insofar as individual operations within a category 
could be compared, the range of slopes was not excessive 
although there was some overlap: the operation in cate- 
gory 1 with the greatest slope showed greater progress 
than the operation in category 3 with the least slope. 
However, comparison of individual operations was at best 
dubious because of transfer of work between operations 
within the same category and errors in charging time 
when men worked on more than on operation. The writers 
have not yet had an opportunity to test the hypothesis 
that these differences are significant on another situation; 
the firm with whose cooperation this study was made is 
currently in the process of doing so. All that can be said 
here is that these differences are not illogical for the types 
of work involved. 


EFFECT UPON AN INCENTIVE SYSTEM 


In one of the two firms in which individual operations 
were studied an incentive wage-payment system was in 
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use. This study provided an opportunity to observe the 
effect of progress on the standard-setting procedure. Con- 
sidering the magnitude of the reductions in time that are 
apparent in any of these plots it is obvious that the 
standard-setting procedure must be cognizant of the 
existence and nature of this progress. Time-study refer- 
ences and instructions usually include some general 
warning against studying a job “before the initial difficul- 
ties have been resolved and stability achieved” but are 
not particularly informative as to how this stability 
should be detected and measured. In the present case the 
study of the individual operations indicated a great lack 
of consistency in the amount of “stability” that existed 
in the different operations at the time at which they were 
studied and there is no reason to believe that this firm is 
unusual in this respect. There was also evidence that 
strongly suggested that the “natural progress” of some 
operations was artificially inhibited until after the time 
study had taken place. 
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WORKER LEARNING 


Industrial Engineers and industrial psychologists have 
in a number of instances studied individual operations to 
measure worker learning. However, they have not been 
concerned with the mathematical model of progress being 
considered here and results have not been plotted in this 
manner. In one case where the basic data were reported 
(4) an investigator of the progress function replotted 
these data in an appropriate manner (8), a sample of 
which is shown in Figure 10.° 

This was a study of a number of different subjects per- 
forming a punch-press operation. Figure 10 shows the 
“learning curves” for three of these subjects. The slopes 
of the (replotted) data for the six subjects tested varied 
between 88.9% and 91.2%. This and similar investiga- 
tions are concerned with true “learning’—improvements 
in the performance of a fixed task, which is only one con- 


Mr. Hammer was associated with the authors at the time of his 
work on the progress function and participated in a portion of the 
empirical work reported here. Figure 10 is reproduced here because 
of the limited availability of Reference (8). 
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tributor to progress as that term has been used here. 
Moreover, there is a second consideration that is equally 
important. These studies are either performed in a labora- 
tory environment or, if in an industrial environment, in a 
highly artificial atmosphere created by the very process 
of setting up a controlled experiment. The authors are 
convinced that the extent of the production workers’ con- 
tribution to progress is as much a function of motivation 
and sociological factors as of physical capability. There 
can be considerable difference between the progress 
workers will contribute in an industrial environment and 
the progress they can achieve in a controlled experiment. 


A COMPLEX LOW VOLUME PRODUCT 


A rather unusual situation and a remarkable oppor- 
tunity for study of the progress function is illustrated in 
Figures 11 and 12. The product concerned was a very 
complex, low volume (total of fifty units produced) high 
labor-content (measured in hundreds of hours) unit 


“ee, 
*e eo eeeters, oo, 


Cumulative Average Hours/Unit 





T rT 





ee | Tv T eT ween T T 


10 100 
Cumulative Production 


Fic. 12. Cumulative Average Final Assembly Labor, Product D. 


The Journal of Industrial Engineering 47 





which was built (rather than manufactured) by highly 
skilled technicians. The product was completely new to 
the company, but not dissimilar in technology to previous 
work. An unusual circumstance was the fact that this 
product had been previously produced by another firm 
which did all of the development and engineering work. 
The firm in question drew on this experience by having 
several of its engineers in the original manufacturer’s 
plant for over a year prior to beginning production. This 
meant that the product went into production with an 
unusual degree of pre-production engineering and that 
there were no significant changes in design during the 
course of production. The progress shown can be attrib- 
uted almost entirely to improvement in the manufacture 
of a fixed design, with little or none of the usual con- 
tribution to progress of the modification of the product 
itself over time. Moreover, the total quantity to be pro- 
duced was known in advance and there was ample time to 
prepare tooling prior to the beginning of production. Yet 
in spite of these circumstances the rates of progress asso- 
ciated with this and a similar product of the same com- 
pany were the greatest observed in the course of the 
study. The only explanation that can be offered is the 


extreme complexity of the product and the high level of 
skill involved in the assembly. Unlike the other products 


studied these were not engineered for volume production. 

After the completion of the 24th unit, the entire opera- 
tion was moved to another building. Many of the later 
units were in process at the time. The disruptive effect of 
the move is apparent in the plot, and the plot gives per- 
haps an indication of the cost of the move over and 
above the direct costs involved. 

Figure 11 shows the labor hours required for the as- 
sembly of each unit (in some cases the average of a lot 
of two units). Although there is considerable variance 
about the line shown, considering only the portion before 
the move, the mean deviation is 10% ; the maximum 26% 

which are relatively small amounts compared to the 
magnitude of the reduction involved. 

Using the same data, Figure 12 demonstrates the very 
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considerable power of the cumulative average formula- 
tion to smooth out the unit data. What would be highly 
variable data on the unit curve with no clear linear rela- 
tionship often appears quite well-behaved on the cumula- 
tive average plot and is reasonably approximated by a 
straight line. The appeal of this formulation is obvious 
but in the authors’ opinion, deceptive. The cumulative 
average is a smoothing process whose power increases as 
the production quantity increases. It has somewhat the 
same significance as a fitted line on the unit curve; to be 
meaningful it must be considered with the unit curve 
itself. Rarely is the cumulative average hours per unit of 
direct interest—perhaps only when a given quantity is 
being produced on contract for an average price (as is 
often the case in airframe assembly) and even then the 
unit curve is of equal interest. The disadvantage of the 
cumulative average curve relative to a fitted line on the 
unit curve is that the former has a tendency to make the 
basic data appear “better” (in the sense of small varia- 
tion) than it really is. In general one is interested in plan- 
ning for and controlling current operations and the unit 
curve contains the appropriate and relevant information. 
The cumulative average formulation alone is almost use- 
less for this purpose as for any sizeable cumulative pro- 
duction it becomes so insensitive to Changes in the unit 
data that catastrophic events could take place in the job 
with an imperceptible effect on the cumulative average 
plot. It should be kept in mind that the cumulative 
average and unit formulations are complementary rather 
than competing forms; they are both derivatives of the 
same basic data. 

Since the volume was low and the unit cost high the 
units were costed individually or in lots of two units. No 
wage incentive system was used. This presented an un- 
usual opportunity to obtain reliable figures on early units 
of production. These data suggest that the unit curve 
rather than the cumulative should be associated with the 
linear model but they are certainly not conclusive nor js it 
necessarily true that one alternative would be uniformly 
superior in all cases. 

This facility also offered the rare opportunity of finding 
an almost ideal replication. A second product identical in 
volume and circumstances (the previous producer was not 
the same firm as for the first product) exhibited similar 
progress, although a slightly greater rate of progress and 
the same evidence of the move. The second product, how- 
ever, indicates that the cumulative average formulation 
would be preferably associated with the linear model. 


HIGH VOLUME PRODUCTION 

Figures 13 and 14 represent, in many respects, an op- 
posite situation. The figures show the total direct labor 
hours (assembly as well as machining) for a very small 
unit (labor content measured in hundredths of an hour) 
produced in tremendous volume (note the plot starts at 
10,000 units). It was distinctly a new product for the firm 
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and the rate and duration of production could not be ac- 
curately predicted. The firm used a standard cost system 
and a wage incentive plan. To obtain Figure 13 the total 
direct labor cost for each month for this product (the 
only information available) was divided by the average 
hourly wage during that month to obtain a measure of the 
standard (not actual) hours used during the month. This 
was divided by the number of units completed during the 
month and plotted against the cumulative production as 
shown. This method, although certainly the easiest means 
of obtaining data and in some cases the only way, has 
the serious limitation that the data is distorted by 
changes in the amount of work-in-process. This causes 
overstatement of the rate of progress when the production 
is accelerating; understatement when it is decelerating; 
and extreme variations when the rate of production fluc- 
tuates rapidly as was the case during the latter period for 
the situation shown. In spite of this difficulty the curve 
is worth considering for two reasons. First, it shows a sit- 
uation in which there is evidence of progress continuing 
out to a cumulative production of millions of units and 
this for a low labor-content product. The ultimate labor 
required is on the order of 15% of that for the early pro- 
duetion. Second, because of the nature of the product and 
the type of work done, and the incentive payment system 
used, true worker learning of a fixed task can be con- 
sidered to contribute only very slightly to the progress 
shown. Since standard hours are shown the progress re- 
sults from changes in the task, either in method or in 
modifications of the product itself, and can be attributed 
almost entirely to supervisory and engineering effort. 
The progress results from design modifications, methods 


changes, introduction of tooling and automatic processing 
equipment. Since the labor for the month is divided by 
the number of units of acceptable quality a portion of the 


progress is due to a reduction in the number of units 
judged unacceptable and credit for this improvement 
should probably be shared with the production workers. 
The break in the curve can be precisely identified with 
the point at which the initial build-up in the rate of pro- 
duction stopped. Prior to this point the rate of production 
was constantly increasing; after this point the rate was 
highly variable with no period of sustained increase. 

The cumulative average plot of the same data, shown 
in Figure 14 has the advantage in this case of being rela- 
tively unaffected by the changes in the amount of work- 
in-process that contribute to the variation in Figure 13. 

Several similar products were studied in the same firm 
with similar results. In particular, the change in progress 
characteristic at the end of the initial production build-up 
was apparent and consistent. 


MANUFACTURE OF COMPONENTS 
In only one situation did the authors undertake to 


study the progress obtained in the production of the com- 


ponents—sub-assemblies and manufactured parts—which 
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are used in final assembly. Both are characterized by in- 
termittent operation. The work is done in lots, set-up is 
required for each lot, and at any given moment of time 
only a portion of the operations are being performed. The 
work is usually done in multi-product departments (as 
opposed to final assembly in departments for one product 
alone) and although a machine is new and in aggregate 
unique, many of its parts and sub-assemblies will be sim- 
ilar to or identical to units of previous machines. For 
these reasons one would not expect as great progress on 
such work as on final assembly. This was the case but 
although the progress was not as marked as for final 
assembly there were several categories—notably sub- 
assemblies unique to this product and high-value manu- 
factured parts—where progress was measurable and well 
worth considering. In this case the only data that were 
available included both set-up and production time so 
that the unit time was sensitive to changes in lot size 
which took place as the rate of production increased. 
Making an approximate correction for set-up it was esti- 
mated that the production time was decreasing at a rate 
of about 90%. 

Purchased parts (in this particular situation) showed 
no progress (measured in cost rather than hours) that 
could not be attributed to increasing quantities. But then 
this is a matter of contract between the firm and its sup- 
pliers and a contract could well be based on a mutually 
accepted progress function. This is done in the aircraft 
industry. 


DOLLARS VS. HOURS 


Throughout the study dollars were less predictable than 
hours. There were instances where the progress in labor 
hours was just able to keep pace with a rising hourly cost 
of labor so that the product cost was essentially constant. 
In general the best procedure seemed to be to estimate 
labor hours and apply dollars per hour as a multiplier to 
determine product cost rather than attempt to measure 
and predict product cost directly. 
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EARLY PRODUCT COSTS 

If the product costs early in production predicted by 
the progress function are unbelievably high this may well 
be because such costs are almost never obtained in the 
normal course of events. Ordinary costing procedures are 
unable to provide such early product costs. For example, if 
the first cost obtainable occurred after 16 machines had 
been produced this cost would be about 40% of the initial 
cost assuming an 80% characteristic. Moreover, in normal 
practice, the cost that is given is not actually a cost associ- 
ated with anv one machine—it is an aggregate of the most 
recent costs in each category. Because of the lead times 
necessary for manufacture this might add the cost of the 
final assembly for the 16th machine; subassembly for the 
20th machine, manufactured parts for the 50th, etc. For 
this reason alone there will be a discrepancy between fig- 
ures given by progress function methods and those pro- 
vided by traditional cost accounting (the difference be- 
comes negligible for large values of cumulative produc- 
tion) although it is possible to adjust either figure to give 
a basis of comparison. 


USE OF THE FUNCTION 

The function has been used, or misused, in a variety of 
ways. It has had wide use within the aircraft industry 
and the Air Foree as an estimating device and has fur- 
nished a basis for contract negotiation or renegotiation, 
facilities and manpower planning and scheduling, and 
even for estimating tooling requirements. See for example 
(3) (6) (11) (13) and (15). It has also been used as a 
means of pacing operators on an assembly line. 

In many cases, the initial point or basis of extrapola- 
tion of the function is evidently first piece cost, or first 
piece estimated cost. In others it is the estimated average 
cost of the volume involved. In few cases is there any dis- 
cussion of preparatory studies which relate the estimating 
procedure to some point on the curve. 

Basically, the function furnishes a means of estimating 
labor costs in a dynamic environment. Such estimates 
have obvious value in such planning and decision situa- 
tions as the following. 








Fic, 15. Daily Output Relative to the First Day’s Output 
Assuming Constant Labor Force. 
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. Estimating costs for purposes of pricing. 

. Estimating costs of major design changes. 

. Estimating costs for purposes of make-or-buy decisions. 

. Estimating costs for comparisons among vendors. 

. Estimating labor and facility needs for planning purposes. 


The obvious value of a method of quantifying and pre- 
dicting progress for the planning of labor, equipment and 
space requirements, estimating delivery dates and sched- 
uling raw material and component availability is appar- 
ent in the consideration of Figure 15. This figure gives 
the relative changes in output per unit time assuming ¢ 
constant labor force for various rates of progress. Simi- 
larly a plot could be drawn of the labor force (or other pro- 
ductive facility) that would be required to maintain a 
constant rate of output, or the manner in which labor 
should be budgeted to achieve any desired program of 
production build-up. 

Carrying the function into use as a detailed labor con- 
trol device seems to be stretching experience too far. As 
previously stated, its use seems justified in situations 
where aggregations of operations are involved and where 
empirical studies have shown its applicability. Even then, 
there are strong underlying assumptions concerning sta- 
bility of organizational, engineering, and other factors 
such as anticipated volume changes. Applying it to indi- 
vidual operations as a control is justified by no data 
which the authors have seen. 

Where the necessary a posteriori studies of thé estimat- 
ing procedure are made, where additional empirical 
studies are made to determine applicability of the func- 
tion and appropriate values of slope, and where there is 
full realization of the dangers inherent in using a device 
which may be upset by any of a number of changes in 
environment, the use of the unit curve appears possible. 


AN ESTIMATING PROCEDURE 


The following procedure is suggested as one which con- 
siders most of the pertinent aspects of the problem. It is 
suggested as a means of estimating the cost of a new 
product but can obviously be applied to major design 
changes in an existing product. 

Begin by dividing the elements which comprise the cost 
of the product into logical groups according to organiza- 
tion lines, functions performed, or portion of the product 
concerned. The intent is to produce a classification of 
total cost into categories of similar progress characteris- 
tics. The estimating procedure will be based on| estimates 
of the labor hours required to produce the product—the 
extension to cost can be made by means of average hourly 
rate, overhead rates as a proportion of labor cost, ete. 
There is undeniably a problem in projecting these rates 
for future times, but it would seem far preferable to sep- 
arate the problems of estimating reduction in labor hours 
and the changes in cost per hour than to estimate the 
changes in total cost directly. Little has been done with 
the study of reduction in the material component of prod- 
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uct cost (except for the limited examination of purchased 
items aforementioned) but there is no reason why one 
could not quantify past experience and use it to predict 
reduction in material cost. Lacking such information one 
would probably neglect progress in this area except for 
obvious economies associated with quantity. 

A minimum classification is to separate assembly and 
machining labor. Usually it is advantageous to go beyond 
this. Machining can be divided into parts that are unique 
to this machine and parts common to other machines. 
Parts can also be stratified according to value. Assembly 
work can be divided into final and sub-assembly and it 
will often be advantageous to further subdivide these cat- 
egories according to the nature of the work being per- 
formed (such as the example given earlier). The intent is 
to break the labor content down into categories that have 
reasonably uniform behavior with regard to the rate of 
reduction. In general the amount of work involved in 
producing an estimate will increase with the number of 
categories used, but so will the precision and reliability of 
the estimate—if the preliminary investigation of progress 
experience in the firm was such as to provide the neces- 
sary information for the individual categories. 

Preliminary investigation should determine what math- 
ematical model is appropriate for each category (for the 
particular firm, and perhaps for a particular type of 
product) and appropriate values of the necessary param- 
eters. It is obvious that the parameters will vary between 
categories; it is no'less reasonable that models should 
vary between categories. For example, final assembly 
might be approximated by a simple power function and 
machining could have a model with two segments, each 
portion having a different exponent. A range of progress 
characteristics (the exponent in the case of the simple 
power function) should be established for each category 
so that a specific value can be selected depending upon 
such factors as the complexity and novelty (with respect 
to previous work) of the product and the anticipated rate 
of production build-up. There are more or less systematic 
ways of making this specification but a good deal of 
judgment and experience will be required in any event. 

The use of the progress function does not obviate the 
necessity of producing an absolute estimate of the time 
required to do the job; the difference is only that the 
estimate is associated with some specific point in produc- 
tion. The progress function is a means of estimating what 
time will be required relative to that estimate at other 
points of cumulative production. In the airframe industry 
it is common to estimate the time for the first unit and 
the progress function departs from there. In other lines 
of manufacture the time for the first unit is neither avail- 
able information nor particularly easy to estimate. Since 
it is not necessary to estimate the time for the first unit, 
it makes sense to estimate the time for whatever unit can 
be estimated with the smallest percentage error. Conven- 


tional estimating procedures are usually intended to give 
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an estimate of the time that will be required after the 
operation has “settled down.” It makes good sense to 
build upon the competence and experience of these men 
and procedures; however, it is necessary to associate the 
conventional estimate with a specific point in production. 
Perhaps the most satisfactory way of doing this is to try 
not to disturb the present estimating procedure, but to ex- 
amine its past performance to determine how long it took 
after production began for the actual time to decrease to 
the vicinity of the estimate. 

The estimate for each category will in general be pro- 
duced in the usual way by summing the times for all of 
the parts or operations that are included. There are 
quicker and coarser ways of providing an estimate but 
again the matter is a compromise between the difficulty 
and expense of providing an estimate and the quality of 
estimate that is required. The detail and expense of the 
estimating procedure used should be consistent with the 
required properties of the estimate. 

The individual category estimate can be conveniently 
obtained by tabulating multiplying factors for different 
points in production as percentages of the point in pro- 
duction for which the estimated time is given. A different 
set of factors is required for each different value of b. 
Table 1 shows slopes from 70% to 98% in increments of 
2%. (In the table the unit for which the initial estimate is 
given is called the “Ultimate Unit”; other points in pro- 
duction are expressed as percentages of the production 
count for the ultimate unit.) An example will illustrate 
their use: 

It is estimated that a job will require 120 hours at the 200th unit. 
The work is expected to experience reduction at a 78% rate. Esti- 
mate the times for the 10th, 50th, 100th, 300th and 500th units. 
Using the table for 78%: 
Unit % ULT F F x Est ULT Estimate 
5 2.927 2927 x 120 = 351 hours 
50 25 1.644 1644 x 120 = 197 hours 
100 50 1.282 1.282 x 120 = 154 hours 
300 150 38645 8645 x 120 = 104 hours 
500 250 .7202 .7202 « 120 = 86 hours 

When this process has been completed for each cate- 
gory the time values can be extended by means of average 
hourly rates and burden rates to give costs which can be 
aggregated to give total product costs. The most satis- 
factory method of doing this is to specify a number of 
points in cumulative production and then determine the 
cost for each category according to the progress function 
at each of these points in production. Summing these 
values will give the total product cost at each of these 
points. This will give a cost for the nth machine which 
will not be directly comparable to accounting figures as 
previously discussed. However it is possible to offset the 
various categories according to the lead-times involved 
before summing the costs at the various points in produc- 
tion in order to produce an estimate that is consistent 
with and comparable to the figures that will be reported 
by the conventional accounting systems. 
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TABLE 1 


Coefficients for Progress Functions with Characteristics 
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This aggregation can be done graphically, which is 
probably the most rapid method although accuracy is 
limited. It can be done very satisfactorily by means of 
tables of progress function factors and a desk calculator, 
or of course, it can be programmed for automatic caleu- 
lation (7). 

The estimates for individual categories in practice will 
be of greater utility than the total cost since actual costs 
will in general be compared to the estimate by category 
as well as in aggregate and if corrective action is to be 
taken, information broken down by categories will be in- 
valuable. A logical extension of the work is to place con- 
trol limits above and below the times estimated for each 
category and to institute such action only when the ex- 
ceeding of these limits indicates that a significant depar- 
ture from the predicted course has occurred. There is 
much yet to be determined about the distribution of log- 
transformed data and the performance of the usual statis- 
tical tests using such data but in general the results ean 
be best interpreted by considering that they apply to per- 
centages rather than absolute amounts. (On log-log co- 
ordinates a given distance represents a constant percent- 
age anywhere on the plot (5).) 

An important part of the estimating procedure should 
be a follow-up which will provide information which can 
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be used to improve the procedure. With this in mind all of 
the conditions which surrounded a particular estimating 
job should be explicitly recorded so that when actual in- 
formation becomes available the performance of the pro- 
cedure can be critically reviewed. 

The mechanics of applying the estimated labor hour re- 
quirement at various levels of production does not need 
detailing here. However, several cautions might be voiced. 
Inspection of the log-log plot will show that a major por- 
tion of the abscissa will amount to a very small portion 
of the quantity shown on the scale. Hence, the plot over- 
emphasizes the early data. Also, error in selection of the 
slope parameter can be serious. Use of 75% instead of a 
correct value of 80% where the estimate is based on a vol- 
ume of 1000 units which takes six months to produce will 
result in an excessive allowance for the first 1000 units or 
six months’ production. On the other hand the function 
will call for a much greater reduction than is feasible for 
subsequent units. 


CONCLUSIONS 

Research on the subject of manufacturing progress so 
far has been fragmentary. Few or no attempts at logically 
constructed experimental situations have take place. In- 
vestigation has been largely limited to certain highly spe- 
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cialized industries. No one approaches the position of be- 


ing able to see standards for progress on a universal basis. 
From the studies that have been made some general re- 
sults of value in further study have been obtained. It 
seems evident that manufacturing progress is not gener- 
ally learning in its true sense and further studies should 
attempt to differentiate this type of progress. Caution 
should be exercised not to utilize data obtained under 
conditions in which application of some conception of 
progress have forced results whether such application is 
the function described herein or another one. Great care 
should be take to validate output and labor consumption 
data. Aggregation has often been helpful in avoiding 
change in job content or responsibility for various opera- 
tions. Use of the unit curve rather than the cumulative 
average curve will be found more illuminating and will 
provide the same amount of information. The average 
curve serves to dampen out variation to such an extent 
that major changes are obscured, and for want of objec- 
tive statistical techniques it is important that the full 
amount of such variation be obvious. In all studies atten- 
tion must be paid to changes in production rate or antici- 
pated production rate, as such variation has been found to 
be important in the use of the function, especially where 
wide swings take place. Use of a labor hour base or a 
machine hour base has been found to be much more illu- 
minating than dollar costs. Where dollar costs are desired 
they may be used as a multiplier, but price changes serve 
to mask production progress in terms of fundamental re- 
source consumption. 

Despite the various difficulties and unsolved problems 
mentioned, several positive conclusions may be drawn. 
First, progress exists—in greater degree, for longer peri- 
ods of time, and for more products than would have been 
expected. The log-log formulation of proper data shows 
the duration and extent of this progress more clearly than 
arithmetic plots. Empirical studies also indicate that the 
amount of progress experienced in the industries studied 
is significant in both economic and planning terms and in 
many cases is very well fitted by the log-log plot. 

Secondly, it can be concluded that there are significant 
differences in patterns of progress for different industries, 
different firms, different products, and different types of 
work. There is no such thing as a fundamental law of 
progress such as the “80% learning curve” used in the air- 
craft industry. No particular slope is universal, and prob- 
ably there is not even a common model. The contention 
that such exists is most difficult to defend either logically 
or empirically. The virtue of a particular model has been 
neither proved nor disproved. Neither have particular 
values of slopes for various situations been determined. 
(Within limits this ean be done for a specific firm.) The 
important thing to recognize is the existence of progress 
and the desirability and possibility of measuring progress. 

Thirdly, progress can be predicted within some firms by 
the use of the progress function with tolerable amounts 
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of error. In many industrial functions-—notably estima- 
tion and planning manpower requirements and resultant 
manufacturing costs—a forecast of progress must be used. 
The progress function should give better estimates than 
any other device known to the authors. Although no basis 
exists as yet for selecting either the cumulative average or 
the unit cost as the linear function, and although the 
problem of convexity and its resultant errors is still un- 
solved, the use of the cumulative production volume as a 
base seems to provide an adequate estimating function 
for labor or facility utilization. The log-log relationship 
fits astonishingly well in many situations and the authors 
were able to develop an estimating procedure that has 
seemingly worked very well in practice for one sizeable 
firm. It should be emphasized that the basic estimating 
procedure of manufacturing cost need not be changed. It 
is merely properly phased into relation with the plant’s 
experience in progress. 

Fourthly, the authors have concluded that as a firm 
cumulates experience with the device (it being little more 
than a means of summarizing past experience) and makes 
intelligent observations of its use and variations which 
occur, it should aid in making economie decisions hitherto 
difficult to quantify: effect of method on design changes, 
timing of changes. In the long run there: is hope that it 
‘an help to answer questions of organization—single or 
multiple product departments, allocation or organization 
of engineering effort and similar questions. The difficulty 
of isolating the many factors involved in such complex 
problems may make such results unlikely in the near 
future, but studies of the sort indicated show as much 
promise as any techniques presently available. 

Finally, it is concluded that caution must be exerted in 
any application of the function to base it firmly upon 
empirical studies within the firm or plant where it is to 
be applied and upon the full realization that its appli- 
‘ation will influence the observed data. It is important 
therefore that the standard not be initially so loosely set 
as to miss potential reductions. Its application in other 
industries than those already studied waits further in- 
vestigation. It is hoped that as additional experience with 
it is gained that the users will not be reluctant to divulge 
such experience so that all may profit thereby. 
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The Compatibility of Value Engineering 
Analysis and Reliability 


by RICHARD M. JACOBS 


Missile and Surface Radar Department, Defense 


Vacur engineering and reliability are often, thought to 
be in conflict with each other, a belief predicated on the 
basis that reliable design is expensive design. Indeed, 
justification for this expense is obtained by demonstrat- 
ing the reduction in maintenance, installation, operation 
and logistic costs which result from improved equipment 
reliability. It is my intention to demonstrate that the 
initial cost can sometimes be reduced by a value engi- 
neering analysis at the same time the reliability of the 
equipment can be improved. The compatibility of value 
engineering and reliability is not a dream 
fact. 

Value engineering analysis can be and is a tool for 
improving the reliability of equipment without neces- 


it is a proven 


sarily reducing its initial cost. The converse is also fre- 
quently found to be possible. 

Before we examine how compatible reliability and 
value enginering actually are, it may prove beneficial to 
discuss what these two terms mean to us in the electronic 
industry. 


RELIABILITY 

Reliability can be defined as the probability of success 
or operation of particular equipment to perform its func- 
tion as it was designed to do. This includes the environ- 
mental conditions under which the equipment operates, 
the time period the equipment is to operate and the 
specific functional responsibility of that equipment. Re- 
liability studies under this definition include considera- 
tion of such items as down time, maintenance, marginal 
checking, modularization, human engineering, component 
part failure analysis, packaging, heat dissipation and a 
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host of other items. It is therefore axiomatic that re- 
liable equipment will have the degree of completeness 
required by the optimization of each and every charac- 
teristic that may affect the reliability of that equipment. 


VALUE ENGINEERING ANALYSIS 

“What does all this reliability cost?” is a common 
question heard among members of our industry and 
members of the military services. We are assessing these 
costs and value engineering analyses are being made to 
evaluate the function and its requirement for the expense 
involved. A value engineering analysis is defined as “an 
objective appraisal of all elements of the design, con- 
struction, procurement, installation, and maintenance of 
equipment, including the applicable equipment specifica- 
tions, in order to achieve the necessary functions, main- 
tainability and reliability of equipment at minimum 
cost” (10) (11). Thus value engineering is not simply 
cost reduction—it is an analysis of function versus cost. 

Total cost is another way of expressing the definition. 
Total cost is made up of the initial or procurement; in- 
stallation, operation, maintenance, logistic, replacement 
parts costs and the amount of time needed to install, 
maintain, and await the arrival of special parts not 
readily available. A value engineering analysis is a study 
of each operating function to determine its contribution 
to the overall worth of the equipment. Each characteris- 
tic is evaluated to optimize reliability and is reviewed 
to determine if modifications can be made that will sub- 
stantially reduce the cost of providing that degree of 
operability, level of reliability, etc., which was originally 
thought necessary. Increased reliability is a natural by- 
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product of equipment simplification, a value engineering 
analysis goal, hence it is an indication that value engi- 
neering and reliability go hand in hand. 


RELIABILITY ACHIEVEMENT 


Reliability can be enhanced by many different yet 
specific and coordinated efforts. A few of these efforts 
are: 

. Reduce complexity of electronic systems. 
Reduce the number of parts in the system. 
Provide redundant circuits or assemblies. 
Include standby facilities. 
Use marginal checkout techniques. 

3. Reduce maintenance time by modularization, easy location 
of test points, built in or wired in test apparatus, 

. Improve component life. 
Improve use of components. 

. Standardize circuits, parts and assemblies. 
Install environmental controls. 

11. Train higher skilled maintenance personnel. 

12. Schedule periodic maintenance, 

13. Prepare better instructions on operation and maintenance. 

14. Perform systems operation analyses. 


In each of these areas costs are involved. In some 
initial costs will be reduced; in others such costs will 
increase. Where the initial cost is increased, it must be 
justified by reductions elsewhere or reliability is sub- 
stantially improved. 


RELIABILITY PROGRAM 


At RCA the reliability program has been a manage- 
ment function these past five years. We have instituted 
various concepts and techniques used in the prediction, 
measuring and evaluating of our equipment reliability. 
The organization depends heavily on design reviews (1), 
standardized parts and circuits, and feedback of informa- 
tion derived from failure reports, and the analyses of the 
mechanisms of failure to provide more reliability in our 
equipment. The reliability program is an integrated func- 
tion of all divisions of the corporation. All groups affect- 
ing reliability such as engineering, quality control, pur- 
chasing, standards and manufacturing are represented 
and participate in directing the reliability program (3). 
The reliability program employed at RCA has been the 
subject of many other papers (2) (4) (5) (8) (9) (12). 


VALUE ENGINEERING PROGRAM 


The value engineering program like the reliability pro- 
gram depends upon design review and information feed- 


back loops. Value engineering, operating as a specific 
effort for little over a year at RCA, is a studied and 
systematic approach to cost reduction. 

The approach taken by RCA is vital to the electronic 
industry. Second looks and redesigns cost money, take 


time and are psychological barriers to an engineer’s 
effective thinking. We have in our design review pro- 
gram united value engineers, maintenance personnel, op- 
erators and reliability experts as well as design special- 
ists. At the design reviews, we give the designer all the 
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pitfalls he should avoid before he starts his design; then, 
after his sketches and/or models are finished, his design 
is reviewed to evaluate his design in relation to the 
function required. After the third review, accomplished 
after complete prototype tests, the drawings are released 
for the first time. In other words, the design review pro- 
gram helps the engineer avoid costly engineering changes 
and field modification kits. 

These are the steps taken in the value improvement 
program: 


1. We help everyone concerned appreciate the need for im- 
provement. 

. We organize to do the job. 

. We set goals. 

. We develop cost prevention techniques and train ourselves 
to use them. 

. We develop price prediction aids as an important tool in 
meeting our goals. 

. We continue to improve and use our cost reduction tech- 
niques. 


The work falls into three areas, with equal responsibil- 
ity for action delegated to: 


Engineering—Value Engineering—optimum simplicity and low- 
est, cost for required performance. 

Purchasing—Value Analysis—better value parts, materials, and 
sources, 

Production—Methods Improvement—development of improved 
fabrication and assembly processes and values, 


In our value improvement tests, which are guides to 
better value, the following questions are asked: 


In the selection and application of parts, materials, and processes 
have you 
. Challenged specification requirements? 
. Eliminated unnecessary parts or functions? 
3. Simplified the design as much as possible? 
. Made maximum use of standard items? 
. Used least costly materials? 
. Designed for lowest manufacturing cost? 
. Relaxed tolerances as much as possible? 
. Used lowest cost finishes? 
. Used company component and material specialists? 
10. Fully utilized purchasing’s assistance to gain suppliers 
“know-how?” 
The following critical value improvement techniques 
have been developed and proven by experience: 


Get all the facts. 

Use the best sources for information. 

Be specific and omit generalities. 
Evaluate design by comparison. 

Consider the functions of every part. 
Make use of specialty products, materials, and processes, 
Think creatively. 

Be completely open-minded to new ideas. 
Weigh dollars against each major idea. 
Use standard parts and materials. 

Use company services. 

Employ your own judgment. 


The entire program is integrated by a value engineer- 
ing council made up of all working department repre- 
sentatives including purchasing, quality control, manu- 
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facturing and engineering. Each working department has 
organized a team which includes responsible, decision- 
making personnel from those activities having cognizance 
over major cost elements. 


ENGINEERING ORGANIZATION 


An organization chart showing the major functional 
groups of an engineering section is shown in Figure 1. 

Reliability can be improved by value engineering 
analyses when the analyses bring to light situations 
which are not to the best interest of the customer. Some 
of these situations may be: 

1. Over designed structures 

2. Under designed structures 


Non-essential refinements 


) 
3 Highly stressed components, heat, load, pressures 
4 
5 


Extra functions duplicated elsewhere 
6. Drawing inconsistencies 


COMPATIBILITY 


In order to show that these two management tech- 
niques are compatible, it is felt that some specific ex- 
amples would be helpful, 


EXAMPLE 1: “OVER FLEXIBLE” 


The initial design on a large ground radar system 
permitted a high degree of flexibility in the placement of 
the physical components of the system. Cable ducts were 
used throughout the design and interconnecting cables 
were used between the sections. The length of these 
cables could vary depending on the need. However, the 
production units of this system were subsequently de- 
cided to be for similar placement of components in each 
system. Each production unit was to have a building 
built to specifications for housing the system where this 
was not expected in the R&D design. Since flexibility was 
not needed, why were these cables required? Couldn't 
we use one less set of connectors and perform the same 
task? 


The cost aspects of this example show that material 
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(cable connectors and cable length) cost $2037.00, labor 
(making the connections, installation, ete.) costs 
$3600.00, while the new design requires $242.00 for ma- 
terial and $36.00 for labor. The total per unit savings 
amounted to $5359.00. However, certain engineering costs 
to make the change had to be accounted for and when 
these were prorated over the number of units on order, 
the unit savings amounted to $5030.00. 

The reliability aspects are such that two soldering 
operations per wire and two connectors (male and fe- 
male) were eliminated. The possibilities of human error 
in soldering and wiring and the unreliability that the 
connectors contributed to the circuit were eliminated. 
Actually there were 24 pairs or sets of connectors elim- 
inated in each of 4 banks of connectors per system. Here 
is an example of value analysis contributing a major cost 
reduction and a substantial improvement in the reliabil- 
ity of the circuit. 


EXAMPLE 2: IS A SUBSTITUTE AVAILABLE? 


A prototype of a portable radar set we designed five 
years ago for the government underwent a complete value 
analysis by a team of design engineers, manufacturing 
experts, packaging engineers and field maintenance men. 
This analysis was performed primarily to reduce costs in 
order to bid on a large procurement contract. 

From the analysis that reduced the overall material 
costs by 11%, the following three examples have been 
extracted for your consideration. 


1. The plant was to use two Selenium rectifiers in series with 
each other. They were currently priced at $31.60 each. A new 
silicon rectifier developed within the last five years performed 
without a measurable difference when compared to the previous 
two units used. The material savings amounted to $50.80 per 
system. There were additional] savings estimated at $3.00 per 
system by the elimination of mounting holes, wiring and miscel- 
laneous hardware and assembly costs. The cost of the investiga- 
tion and drawing changes amounted to $1000.00 which was pro- 
rated over the ordered quantity 

The reliability of the system was enhanced by the reduction of 
the number of parts used, the number of soldering joints needed, 
and the elimination of the ever-present human error factor in 
wiring 

2. A complex electro-mechanical Rectipot costing $75.00 was 
used as a tuning indicator. Here, our value analysis team investi- 
gated the use of a standard potentiometer available on the open 
market that met military specifications. It could be used with a 
imple gear train. The cost of the investigation, the designing and 
procuring the necessary gears, shafts and other hardware plus the 
standard potentiometer amounted to $31.00 per system. The sav- 
ings, therefore, amounted to $44.00 per system. Reliability was 
improved by having the standard pot readily available from larg« 
production runs, which gave us a longer life, and a less unique 
part to replace, in the field by maintenance personnel. Replace- 
ment time was reduced by having the pot more easily removed 
It was smaller in size than the sealed Rectipot and could be 
removed with less probability of damaging adjacent components 
If the gears or shafts became worn they could be more readily 
adjusted or replaced in the field rather than discarding the entire 
sealed unit. It is obvious then that greater value, lower cost, and 
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a higher reliability were obtained in this case. 

It should be remembered that the more standard the unit, the 
larger the production run and therefore, the more easily the 
manufacturing process can be controlled. This usually results in a 
better quality unit with a greater stability and more reliability 
than the special component produced in small quantities. 

3. A simple knob used to control hand rotation of the an- 
tenna of this unit was priced by our vendors at $22.00 each. After 
the mechanical engineering member of the team reviewed the 
requirements for this expensive knob he located a standard knob. 
The standard knob required a different size shaft and could perform 
the same function just as well as the special knob. The standard, 
oddly enough, costs only $2.20 when the cost of changing shaft 
sizes and appropriate drawings was added. The total savings in 
this case amounted to $19.80 per system. 

System reliability was not altered as both knobs performed the 
same function. But, if the knob were broken in transit or handling, 
it could be replaced by a standard already stocked by the military. 
Thus, additional savings by the customer would accrue by elim- 
inating one item in his logistic support centers and warehouses. 
$y having a standard readily available, downtime is decreased 
ind the system reliability measured in terms of system availability 
is improved. 


EXAMPLE 3: IS THERE ANOTHER METHOD? 


A large ground-based Instrumentation Tracking Radar 
System going into quantity production by RCA’s Mis- 
sile and Surface Radar department employs a boresight 
target for calibration purposes. 

The mechanical engineer and the manufacturing meth- 
ods members of the value analysis team reviewed the 
Engineering Model Boresight Target assembly with the 
express purpose of reducing its cost. The current cost of 
procurement is $3672.00 per assembly. As noted in Fig- 
ure 2, the original design contained many castings spec- 
ially fabricated for this design, a rectangular box beam 
and complex leveling mechanisms. The team members 
asked themselves—are there standard parts that will do 
the job? The answer of course was yes, and the complex 
truss work shown in Figure 2, was changed to a round 
aluminum pipe of a standard size and all clamps, levels 
and threaded castings were changed to standard com- 


mercial hardware, as seen in Figure 3 


Ne: 


% 


Fic. 2. Current Model of Boresight Target Assembly. 
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Fic. 3. New Model of Boresight Target Assembly 


The cost was reduced by $1412.00 per assembly. The 
reliability of the assembly was altered only in that ac- 
cessibility for adjustment of the targets is more rapid. 
We also know that assembly quality is much higher, the 
availability of replacement parts is no longer a major 
concern of our logistics group, and installation proce- 
dure is less cumbersome and therefore more rapid. 


EXAMPLE 4: ARE THE SPECIFICATIONS REALISTIC? 


In some instances a value improvement analysis re- 
sults in a second look at the original specifications. It 
may be required that to save a considerable amount of 
money all that is needed is another interpretation of the 
customer’s specification. This is due to the definitions of 
words or phrases used in a legal document. In one par- 
ticular case the specification states “that there shall be 
no flicker.” If we chose to say there shall be no flicker at 
any time, the cost was estimated at $12,000.00 for an 
indicator and particular power supplies. However, if we 
chose to say there shall be no flicker 99.5% of the time, 
the cost of the indicator and its power supply would be 
about $7000.00. The function would not be impaired by a 
flicker only .5% of the operating time and the customer 
readily agreed to the modified interpretation when he saw 
the possible cost reduction. 


EXAMPLE 5: GUIDE LINES 


An analysis was undertaken to determine the ratio of 
vacuum tube cost to total material cost for electronic 
systems. Three basically different types of circuits were 
studied, and the costs per tube turned out to vary widely 
among the three groups. Costs per tube decreased for each 
circuit studied as the number of tubes increased; but 
more important, the analysis showed that regardless of 
system, when the number of tubes was 15 or more, the 
costs per tube approached the same level. See Figure 4. 
This technique promotes reliability as well as cost reduc- 
tion by reducing the number of inter-chassis connectors, 
cabling, special heat dissipating ducts and blowers to 
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remove heat from the large masses of metal, reduces the 
number of solder joints and allows more point to point 
wiring reducing the human error factor, makes circuit 
tracing easier, allows for more rigid construction of the 
chassis to withstand vibration and shock environments. 
The equipment may also be reduced in total weight using 
this technique. This cost-saving packaging method does 
not rule out the use of modularization, printed circuitry, 
or other automated manufacturing processes. These are 
still available, but the fewer connectors needed the better 
the reliability of the equipment. 


EXAMPLE 6: A PLANNED PROGRAM 


A complete system underwent a value improvement 
analysis. A program was set up with the knowledge of 
the basic manufacturing cost accurately based on five 
years of prior production on the unit. A cost reduction 
goal was established by marketing considerations at 20%. 

The program through the efforts of the team members 
actually reduced costs 19.8%. The estimated cost of the 
analysis was $20,500.00 (estimated because some team 
members were not direct labor and the best estimates of 
the time used by these members are from their own 
estimates of time.) Even though $20,500.00 sounds high, 
each dollar spent in the program reduced the cost of the 
equipment by $11.40. 

Due to changes in the state-of-the-art, the customer 
authorized a design evaluation of the equipment, so that 
the new unit would be more reliable, and thus more 
valuable to the services. 

During the analysis many components were eliminated 
or simplified. Examples of the parts eliminated include 
thermistors, diodes, spacers and sleeving. Substitutions 
included relays, transformers and toggle switches. 

These programs to improve the reliability and value- 
analyze the equipment are not confined to one group at 
RCA; it is a corporate venture. The two examples of the 
compatibility of value engineering and reliability shown 
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below are an indication of what the other groups are 
doing in these areas. 


1. The Section is producing a system consisting of 15. racks 
or cabinets for the military. The design engineer in thy R&D 
stage devised his wiring for ground and RF shielding through 
silver-plated beryllium copper spring-finger stock. Later, in the 
production design, ground wiring was adopted but the! spring 
fingers were not removed. They were retained to provide RF 
shielding for the cabinet. One of the mechanical engineers seeking 
to reduce the cost of manufacture asked why the strips were 
needed. He wasn’t convinced that there was a need for these 
strips to provide RF shielding. He then obtained two completed 
cabinets and removed the shielding strips from one, and had RF 
emission tests conducted on both. There was no measurable differ- 
ence in the RF emission between the units. His curiosity and 
persistence brought about a saving of $122.00 per system. Engi- 
neering changes to drawings etc., cost $100.00. Therefore, on the 
total production run of over 100 systems, a savings of over 
$12,100.00 was made possible. 

This value analysis not only reduced costs, but reduced the 
maintenance required on the system. Because of their location, 
frequent breakage of the spring-fingers occurred and they required 
repair in the field, since the service man was not aware that the 
loss of even all fingers would not be harmful. 

2. There are in this large ground equipment 16 identical elec- 
tro-mechanical parts which are quite complex in nature. We were 
in the market for some 1700 of these parts. Suitable bids were 
received from component vendors. The lowest price submitted 
was $60.00 each. 

The engineers felt that this price, although properly sub- 
mitted by the vendor, was rather high for the function to be 
performed by the unit. Serious consideration was being given to 
designing this component out of the system. One engineer was 
sent to see the vendors that bid, to see if their manufacturing 
methods and/or design could be altered without affecting the 
function or reliability of the part. After discussing the general 
problem with those vendors, new bids were requested. The results 
showed that value improvement and value engineering can be 
contagious because the low vendor’s final price was $25.00 under 
his original quotation, with no detectable difference in perform- 
ance or reliability or overall configuration. The cost of the trips 
and the securing of new bids approximated $300.00. The total 
savings to the taxpayer on this one item alone will be in excess 
of $42,000.00. 


SUMMARY 

Let me stress that last phrase: “Savings to the Tax- 
payer.” Every value engineering item cited in this paper 
has been realized on either a cost plus fixed fee contract 
or on a fixed price redeterminable downward contract. 

As such, these savings do not accrue to RCA but 
directly to the taxpayer in the form of lowered procure- 
ment costs for the equipment ordered by the military. 

Reliability was not adversely affected but rather en- 
haneed. Delivery, availability and maintenance problems 
were not altered to the detriment of the purchasing ac- 
tivity. 

I hope that the foregoing examples have demonstrated 
that value engineering analysis goals are compatible with 
the military requirements of increased reliability for the 
service’s equipment. 

It should be noted that all value engineering analyses 
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do not result in a cost reduction or a reliability improve- 
ment. The purpose of this paper was to indicate that 
value engineering and reliability are not in conflict with 
each other as has been generally supposed. 

The value of reliability is a most important item, and 
is the primary characteristic that is considered in RCA’s 
Value Improvement Program. 
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Using Work Sampling to Study the Activities 
of Research Workers 


by JOHN S 


. HERRICK 


Chief, Management Engineering Division, Fort Detrick, Frederick, Maryland 


Tue type of work-measurement known as ratio-de- 
lay and originally used for determining the ratio of ma- 
chine down-time to machine operation-time through the 
statistical analysis of a number of random observations 
has been found useful as a device for measuring many 
other types of activities. Known both as ratio-delay and 
work sampling, various magazines have published many 
articles concerning its profitable use. The intent of this 
article is to indicate the application of work sampling 
to research for the US Army at Fort Detrick, Maryland. 
Since the calculations and theories have been so well 
developed in the published articles, only passing refer- 
ence will be made to them. 
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MANAGEMENT SURVEY 


In the planning of a management survey of one re- 
search division, one of the items to be investigated was 
the utilization of scientific personnel. Since the investi- 
gator was an engineer and the people to be studied were 
biological scientists, some plane of common understand- 
ing had to be reached and a method selected that would 
draw forth the cooperation of the scientists. Work sam- 
pling was selected, but it was recognized that the usual 
approach was not possible. Before and during the appli- 
cation the method was continually explained to the in- 
dividual scientists—stressing the application of statis- 
tics and the novelty of the application. One objection to 
the regular approach was the difficulty in recognizing 
such elements as “thinking.” Another element difficult 
to determine was the breakpoint between necessary and 
unnecessary experimentation. The doubt created by these 
elements made the analyst wonder whether there could 
be any clear resolution. Therefore, it was decided to se- 
lect elements of work, sample the work of the scientists 
and research assistants, and then analyze the results 
without the usual statistical evaluations. A preliminary 
study was made to determine the existence of any rela- 
tionships between personal application and _ scientific 
productivity. 

Task Lists (Figure 1), as developed for Work Sim- 
plificeation procedures, were filled out. The blank sheets 
were given to the supervisors with the request that they 
be completed by subordinates and returned by a certain 
date. A few days after their completion and review by 
the supervisor, the completed forms were collected by the 
analyst. With the Task Lists at hand, the investigator, 
in a confidential interview with each individual, reviewed 
the Task Lists. Recognizing that research is definitely 
not a repetitive routine, the hours for the various tasks 
were established only as an average time. Questions were 
carefully posed in order to provide the analyst with the 
greatest possible comprehension of the duties and activi- 
ties of the interviewee. This procedure necessitated train- 
ing of the analyst in order that he might be able to rec- 
ognize the work upon viewing it in a sampling observa- 
tion. 
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Next, the information was transcribed from the Task 
Lists to the Distribution Chart (Figure 2), which sum- 
marizes the work of individuals. Following this step, a 
work sample sheet (Figure 3) was prepared. The infor- 
mation on this sheet grouped people with similar work 
and the same or similar mission who were working fairly 
close together in laboratories. Using the standard error 
formula, 


/pa — p) 
N 


j 


a round number of observations were determined. It was 
decided to make 40 observations a day for a period of 
ten working days on each of the people in the groups, 
one group after another until all were observed. Although 
considered initially, calculations as to variations were 
not made as the study progressed since no estimates of 
occurrence were available. It was felt that a general two- 
week work period should be used rather than attempting 
to bring each single work item within the limits of va- 
lidity (1). After the two-week period, the developed work 
items were tested for validity and further study made 
when needed. Some 20,000 readings were taken through- 


out the entire division effort. Of these, only 14,443 were 
used as indicative of professional scientific effort; the re- 
maining 5,557 were discarded. The discarded readings 
pertained to the work of supply and service personnel 
and the duties were not similar to those of the scientists 
and research assistants. The intent of the work sample 
application was to obtain an indication of the direction 
of effort of scientific personnel when their work elements 
were classified into the following five major categories: 

1. Administration and Supervision 

2. Planning 

3. Execution 


4. Production 
5. Miscellaneous 


PERSONNEL CLASSIFICATIONS 


In order to avoid considerable differences in under- 
standing of the five categories as they were used, the 
following definitions are given: 


Administration—The management or direction of execution, 
application, or conduct of affairs, Administration designs the 
organization structure, provides for the coordination, contro! and 
final release of authority that sets the functions in action. The 
administrator is responsible for A. interpretation of policy, B. 
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removal of interferences, C, reduction of internal friction and 
D. stimulation and acceleration 

Supervision—The overseeing for direction or conduct, or, the 
direction for critical evaluation. A routine duty of supervision is 
integration which is an aspect of coordination. Coordination in- 
cludes the design of a system for cooperation; integration is the 
operation of that system. Included is the adjustment of changing 
personalities and, when possible, the advance discovery and re- 
moval of potential sources of conflict. 

Planning—A method or scheme of action prepared in advance 
It is the design of the structure by which the goal is to be reached. 
Planning creates an orderly sequence for the accomplishment of 
the projects, defines the policy to be adhered to in carrying out 
the project, and prescribes the ultimate disposition of the results 
accomplished. It determines: A. the tasks to be accomplished; 
B. the time involved in each; C. the sequence of tasks; and 
D. responsibility for each 

Execution—The act or process of achieving an end. It is the 
follow-through to the end and the doing of what is planned. 
Execution performs the work and carries the experiment to the 
conclusion. 

Production—The evolution of a product. It is the culmination 
of all planning, direction and control (supervision), of adherence 
to policies, and of reaction to assistance given in administration. 
Production appraises results, prepares, presents and proves the 
conclusion, In the division under discussion the principal indica- 
tion is a report, 

Miscellaneous—Those actions, often not accounted for, arising 
from imperfect administration which do not A, clearly interpret 
policy, B. remove all of the interferences, C. reduce all the internal 
friction, or D. provide adequate stimulation or acceleration. The 
actions may be caused by the busy supervisor who doesn’t super- 
vise, or by the incomplete plan of the planner. The actions also 
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include the inevitable personal, fatigue and delay items which are 
inherent among working personnel. 


DIVISION OF DUTIES 

Figure 4 is an unvalued graph which expresses the the- 
ory on which the writer predicates the idea that values 
can be established for a standard. In the left margin are 
the titles of the scientists while the bottom indicates only 
the total availability of their effort. Since administration 
plays an important part in the grade and responsibility 
of the layers of leadership, the following definitions are 
given: 

Division Chief—The head of an autonomous research unit 
carrying out a phase of the over-all program. 

Branch Chief—The administrative-scientific head of an ad- 
ministrative and program unit carrying out one of the functions 
of the division. 

Project Leader—The scientific head of research unit, coordinat- 
ing several teams. 

Section Leader—A leader who works on experiments in close 
association with other scientists. 


By collecting the readings for each grade of scientist, 
as indicated in the left column, the work sample indi- 
cated a percentage of time that each grade spent in each 
of the five work categories. Due to reasons of: A. over 
and under supervision; B. questionable physical layout 


RELATIVE DIVISION OF DUTIES 
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of space; C. extreme variations between individuals; D. 


limited number of readings, ete. 


, it was only possible to 
chart these percentages within wide limits. Even though 
these conditions had been perfect, the very nature of 


science depends on anthropological attributes which pre- 
clude an exact numerical definition. However, it is be- 
lieved that, as more work sample information is ob- 
tained, numerical values can be determined for each 
layer of leadership in each of the listed categories. but 
will be + values. 


NEEDED IMPROVEMENTS 

A number of items requiring improvement were re- 
vealed as the result of observation and labor in applying 
the work sample. They were revealed by mere virtue of 
familiarity obtained by the investigator through the 
prior education and subsequent repeated trips in and 
out of the research laboratories. These needed improve- 
ments have been made. 

As a result of the high percentage of elements occur- 
ring in the miscellaneous categories, the following cor- 
rective management activities have resulted or have been 
identified as necessary: A. procurement of additional 
clerical and stenographie help; B. need for additional 
mechanical office machines; and C, closer physical loca- 
tions of work areas. 


SUMMARY 


The following main headings have been categorized 
broadly as “think” items: Administration and Super- 
vision, Planning, Production. The remaining two, Execu- 
tion and Miscellaneous, were classed as “do” items. It is 
obvious to the investigator that a high level of creative 
effort is being performed in the division, but comments 
elicited from members of the organization without 
prompting reveal that there may be insufficient “think- 
ing” going on. These comments tend to corroborate the 
observed differences between the values for the “think” 
items in the analyst’s standard (not shown here) and the 
same items in the work sample. Here again attention is 
focused on the fact that carefully detailed plans are 
necessary before and during any line of experimentation. 
Planning before experimentation establishes guidelines 
for the work to be carried on. Planning during experi- 
mentation recognizes changes indicated by results of 
experimentation. 

Particular emphasis has been placed upon the “think” 
items since the prime product of Fort Detrick results 
from creative thought. It is further felt that creative 
thought is generated from a number of elements and does 
not spring forth spontaneously as a complete entity. In 
order that sufficient time be allotted to the generative 
process, emphasis should be placed on the “think” items 
in order to obtain the following: 


1. Recognition of the problem—A sensing, which 
eliminates distracting influences, of the fact that a problem exists. 


2 Preparation 


precise 
The gathering of data concerning the problem; 
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this may take the form of literature search, laboratory experiment 
or a conscious or subconscious rearrangement of existing data. 

3. Digestion—Pondering over the information gathered, both 
in the conscious and subconscious. 

4. Creation—Generation of new ideas or concepts occurs in 
this phase. Much as the reproduction of certain microorganisms 
is “triggered” by pricking with a pin, so the creative thought is 
produced, The exciting influence may be the reading of associated 
literature, another experiment, or even an unrelated action. 

5. Proof—The ancient philosophers set about their proof by 
logic; today’s science demands, in addition, more positive results 
in réproducible experiments. 

Based on the 14,443 observations of professional scien- 
tifie effort in this study, it is not possible to reach con- 
clusions regarding the relationship between personal ap- 
plication and scientific productivity. Nevertheless, the 
more productive scientists and scientific aides were ob- 
served to apply themselves more industriously and their 
efforts fell into the categories expected by the analyst. 
It was further observed that a higher numerical job- 
rating grade does not particularly indicate the level of 
work which a scientist may be doing. 

As indicated in Figure 4, it is felt that the nature of 
the work of the scientist changes considerably as he as- 
sumes more and more supervisory responsibility. Deter- 
mination of how much of each type of work is appropri- 
ate to the grade can result only after a considerably 
greater number of observations have been made. 

Even without the great number of observations re- 
quired for establishment of numerical values, the work 
sample can be used as a tool in the hands of the scien- 
tifie planner to determine whether or not his scientific 
efforts are being directed most effectively toward achieve- 
ment of creative thought. Selection of appropriate work 
elements and use of random observations (as used in the 
work sample) furnish information concerning direction 
of effort which will enable the scientific planner to or- 
ganize a more effective team. 
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PRODUCTIVITY AND INCREASED WAGES, by Robert B. 
Seidel, Journal of Industrial Engineering, July-August, 1958. 

Mr. Seidel has presented a solution to a problem with which 
many of us are faced. He should be commended for developing a 
new approach. I feel that his use of factors for developing costs 
other than wages have a very useful application. It would appear 
to me, however, that he has gone to great lengths to make a diffi- 
cult problem out of a very simple one. 

In the , a sound and 
straightforward approach has been used, but I fail to find the pur- 


development of the factors for year “2” 
pose or need for going further. Equation 4 does give the correct 
solution when the 
I fine 

It would seem to me that a much simpler approach is to sub- 
stitute the 


appropriate factors are substituted in it, but 
it rather difficult to calculate the answer on my slide rule 
factors for year “2” in equation 2 and solve for w,: 
We = 8 ms 5 fe pr 

10,000 ’ 10,500 
4,350 1.05 
me = Gekm, 2,850 1.02 
1,000 1.00 
Se = Kf, f, 800 1.02 

1,000 1.00 
1.10 


8: = Gs; 


we = Rw, 
ce; = Le, 


po = Tp, 


By this method I was able to arrive at the solution quickly by 
using my slide rule 

Mr. Seidel indicated that it is likely that the factors G, R, L, K 
and 7’ might heve to be converted from a total figure to the em- 
ployee basis. This is undoubtedly true in most cases and makes 
me wonder if it’s worth the while. Why not just solve for W: in 


the first place? W. = S;— M:— E, —F; 


umount of money left for wages and we 


P.. This will give the 
can quickly determine 
how much we can afford to increase them, if any. Mr 
to handle, Frankly, I can’t see that it is, 
and even if it were I know that I could at least explain it to a 


Seidel says 


this is too cumbersome 


personnel director or a company president (the majority of whom 
are not engineers), Using equation 4, however, would be like try- 
ing to explain the Morse Code to my 3 year old son 

Now I must admit that many companies go about budgeting in 
just about the manner Mr. Seidel indicates, but I fail to see much 
improvement in the method he suggests. I don’t believe our de- 
so naive that it will fool them any whether 


you ask them“ How many people will you need?” or whether you 


partment heads are 


ask them outright “How much money?” 

If we in the Industrial Engineering field are to make any con- 
tributions to the field of Scientific Management then we should do 
our budgeting based on Engineered Work Standards rather than 
using the department head’s “guesstimates.” From the point of 
view of a “freelance” Industrial Engineer, the way to approach 
this whole problem is something like this: 

First we estimate the anticipated sales for year “2” (some may 


prefer to call this the sales budget). This may be done by the 
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sales department, but I’m not sure that we can rely on their fig- 
ures. Your budget director, production control manager, Industrial 
Engineer, or some other department may have the information 
and statistics to give you a more reliable answer. Also let’s make 
this estimate in units of sales and by product lines, or even by 
individua! items if necessary. This way we can keep changes in 
prices separate from changes in volume. 

Next is the most important part of the project, we calculate 
the direct labor hours necessary to produce the sales program. This 
is done by using Engineered Work Standards which have already 
been established for old products and using Standard Time Data 
for the new ones. From this calculation we know how many em- 
ployees we necd to meet the forecasted sales program. We can also 
do this for the majority of our indirect functions, such as engineer- 
ing, maintenance, tool making, warehousing, and office jobs of 
the clerical type. Of course, in many cases our standards are much 
rougher for these departments and it may be necessary to rely on 
Mr. Seidel’s method of asking the department head to estimate the 
number of people he will need. In all of this we will naturally take 
into consideration any variances which we have experienced in the 
past or which we anticipate will be present in the future. The only 
other factors in wages which we need are those which are fixed 
by top-management policy. 

Last of all, let’s use equation 1. Using factors of the nature Mr. 
Seidel has suggested for those factors other than wages we can 
substitute and solve for W:. This gives us the total dollars avail- 
able for wages. If we divide this answer by the hours required to 
produce the required sales we arrive at the average wage per hour 
we can pay. The ratio of this answer to our past experience will 
give us factor “R,” the amount which we can increase or de- 
crease wages. By this method we could forget about the number 
of employees involved and still arrive at the correct solution. If 
we desired we could convert the hours to a per employee basis 
and arrive at “R” by the average per employee in years 1 and 2 
as we did previously. 

The advantage of using the hour basis is that it is much simpler 
to divide W into two or more catagories, those which vary directly 
with production and those which vary in a different manner or 
are constant unless changed by management policy. This type of 
separation also makes it easier to determine “R” at several alter- 
nate sales volumes, 

I have not meant to imply that we “dictatorially” tell the de- 
partment heads how many employees they can have, but that we 
sell them that our figures based on sound engineered work meas- 
urement are correct—Merlin D. Schwegman, Industrial Engineer 
and Management Consultant, Hawthorne, California 


AUTHOR’S COMMENTS 


I appreciate your sending me the copy of Mr. Merlin D. 
Schwegman’s critique on my recent article. 

As far as an author’s reply or rebuttal to Mr. Schwegman’s 
comments is concerned, I can only say that his criticism is a 
sound one and that his contribution, that of engineered work 
standards in determining the number of employees required per 
department is a very worthwhile contribution and extension of 
this concept. I believe that it would require a rather elaborate 
engineering department beyond the capacity of the majority of 
companies to do a really scientific job of determining the number 
of employees required by engineered work standards and in this 
respect, it may be necessary to fall back on the department heads’ 
guesstimate, as suggested in my article. This does not detract from 
the fact that from an objective and scientific basis, I believe Mr. 
Schwegman’s comments and elaborations are extremely sound in 
theory and if one can afford the organization to accomplish it, a 
decided improvement in practice. R. B. Seidel, President, Auto- 


matic Timing & Controls, Inc., King of Prussia, Pennsylvania. 
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Human Relations in the Industrial Engineer 


| N modern day thinking, the field of human relations is 


assuming an ever more forceful position as one of the most 
important attributes in every successful industrial enter- 
prise. It ranks very high with other corporate objectives 
such as fine product quality, level of employment, service 
to customers, and certainly a sound profit structure. Let 
us examine some of the phases of human relations and the 
part that Industrial Engineers can play in implementing 
its future 

Stepped up research in recent years in the whole area of 
motivation and human reaction has uncovered several in- 
tresting developments. While many of the research scien- 
tists apparently disagree at least to some extent in their 
evaluation processes of human behavior, we can accept 
that the impact of people in any endeavor is worthy of our 
most careful consideration and detailed analysis. Our 
present day knowledge has led us to an almost universal 
recognition that the human relation philosophy practiced 
by a company and its people is a dominating force that 
affects all corporative objectives, be they product quality, 
profit motives, or the company’s community standing. If 
we can basically accept that human relations are com- 
posed of a group of physical and social sciences, and that 
they are a part of every person in every company, we may 
visualize then that each phase of the sciences and each 
phase of the company must be successfully integrated for 
the optimum accomplishment of our corporate goals. The 
integration process is not in itself an easy task, and it is 
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here that the Industrial Engineer has an outstanding op- 
portunity for professional leadership. Our research in this 
field of behavioral science has enabled us to apply a series 
of definitions to-human behavior. Likewise within reason- 
able degrees, we can assess priorities of achievements on 
various wants, urges and needs in the human being. As a 
further step, we know that each of these are inter-depend- 
ent as reactors and undergo a change as conditions change. 
That is, the accomplishment of one need may considerably 
increase the priority standing of another human need 
which in itself was previously considered of lesser impor- 
tance. This ever changing array of conditions insists that 
our knowledge and analytical techniques be both current 
and flexible. As an example, simplifying of a labor opera- 
tion may readily reduce the physical strain involved, but 
at the same time, may run the risk of introducing monot- 
ony or boredom. With this in mind, we integrate added re- 
sponsibility through job enlargement, but must consider 
the problem of mental pressure and human capacities. In 
a complex field such as this of almost unlimited variables, 
we as Industrial Engineers must develop our course of 
future action. This action should plan for growth and de- 
velopment in the areas that will probably have the most 
direct impact on human relation philosophies. These can 
be enumerated as: 

1. The coordinating factor. 

2. The personal touch. 

3. The company philosophy 


The Journal of Industrial Engineering 





4. Technical and human design. 

5. The education process. 

As the first part of the plan of action, let’s review the 
job we have to do in step 1, the coordinating factor. I 
think most of us normally regard an organization as a 
social system. As such, this system represents many differ- 
ent abilities, personalities, talents, and backgrounds. It 
likewise represents several different approaches in dis- 
charging assigned responsibilities. The plant manager in 
discharging his responsibilities, is concerned about sales 
volumes, the cost of operation, the industrial relations pol- 
icy, the wage scales, the return to stockholders, and many 
others. To look at the scientist for a moment, we find that 
he is concerned about the scope, type and results of re- 
search and the perspective of each of his functions is far 
removed from the responsibility line-up of the plant man- 
ager. As opposed to these, the direct labor operator is usu- 
ally concerned about getting out production with satisfac- 
tory quality, minimum waste and a good pay structure. 
Now to each of these people, their functioning is an im- 
portant part of the whole, and each affects the total oper- 
ation in one sense or another, Somewhere, somehow, the 
threads of necessary coordination of these various talents 
must be brought together. Somewhere also, the line of 
communications must be made effortless and effective. As 
technology and research advance further, the scope of any 
particular function will affect more and more fields of op- 
eration. It is reasonable to assume that in the design of a 
new process, designers, engineers, mathematicians, finance 
people, medical people, industrial relations, and many 
others would significantly contribute to the effectiveness 
of the process. The solution of the problem of coordination 
could easily be the difference between success and failure. 
Likewise, the communications and their translations in a 
common objective could readily affect the problem and its 
results. In the area of coordination, I believe there is one 
obvious and outstanding person who will be assuming the 
roll of bringing the threads of various talents, contribu- 
tions, and objectives together. This should be the role of 
the Industrial Engineer. In communications where the 
same language is spoken in many ways, the problem is 
also complex. For the designer to understand the cost 
structure, for the mathematician to understand physical 
capacities, for the operator to understand the pay plan, 
the Industrial Engineer is the key. Of all the contributors, 
he alone has had the diversified education and industrial 
experience required, plus multi-varied contacts that are so 
commonplace in the life of almost every Industrial Engi- 
neer. I believe that Management will be turning more and 
more to this man for the answer in keeping industry effec- 
tive. 

Now, perhaps, we should turn our attention to another 
extremely important phase of human relations. This is 
step 2, the personal touch. The personal touch, I believe, is 
a prime requisite of every Industrial Engineer but is an 
absolute must of the successful coordinator and communi- 
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cator. As we all know, we are constantly aware of an in- 
stinct that tells us we admire and respect some people 
above others. This instinct appears to be stimulated by 
several factors. But it does appear that each stimulant 
only exists as it conforms to what people expect. In train- 
ing ourselves then to comply with what people expect, and 
I use the term “expect” as a general recognition of people’s 
dignity, we must guard against the molding of superficial 
attitudes. I personally don’t believe that there is a set pat- 
tern of training rules we can lay down for ourselves as 
engineers. The reason that I don’t believe that this can be 
done is because that we would be starting with dissimilar 
parts—that is, our own personal make-up—and then at- 
tempting to mold each into a consistent personality. Too 
often we have seen the sad results of attempting to create 
a personality boy out of a conservative. This type of pro- 
gram usually ends up with an artificial air because some- 
one is wearing a false personality. What I do believe, how- 
ever, is that we can establish training objectives. These 
would include the merits of emotional stability, the re- 
spect for other people and their way of thinking, values of 
unbiased and unprejudiced actions, compliance with the 
accepted conventions of society and others. This in sum- 
mary then, advocates that the personal touch in the engi- 
neer’s attitude be developed through a philosophy or at- 
mosphere that is centered around dealing with others. You 
may rest assured that we'll have many different types of 
people characterized as having an outstanding personality 
but regardless of the differences, the motives in each will 
be the same. 

In the coordination and communication aspects previ- 
ously discussed, we need this successful personal touch 
along with the technical ability required for outstanding 
accomplishments. To develop this personal touch, we must 
incorporate into our training objectives a realization of the 
value that we as engineers can have on the social order 
and the responsibility it carries with it. We must learn to 
understand ourselves and the motivating influences on 
those we contact. We must recognize the resistance to 
change as it encroaches on individual security and the 
fear of the unknown. We must recognize that a surface 
reaction may disguise some unrelated force and may be 
far removed from the obvious. To do this then, a program 
of self training and company training both in formal class- 
rooms and in everyday affairs should be a goal. In this goal 
we should strive to accept people as they are and recog- 
nize and respect their particular way of thinking and act- 
ing. We should attempt to turn away from specialization 
and absolute go or no-go gauges of evaluating others. We 
should accept the responsibility that the Industrial Engi- 
neer more than any other, can develop the personal touch 
so needed in motivating people both on an individual basis 
and the team approach to problem solving. 

Another phase of human relations that affects people’s 
attitudes is step 3, the company philosophy. As many 
people emulate an outstanding leader, so too may we see 
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our people reflecting the attitude and philosophy of their 
own company. If we are to assume that the Industrial En- 
gineer is to accept his responsibility as one of the key 
management’s representatives, he must recognize the need 
for promoting and reflecting a sound management philoso- 
phy. In fact, I content he should take aggressive action in 
developing the human relation philosophy in his company. 
In his project studies and in various roles as coordinator, 
he frequently will be in a position to affect the manage- 
ment thinking along the human relation lines. In this re- 
spect, he must actively assess the value of a sound em- 
ployee atmosphere. He must continually promote the need 
for the proper relationship of men, materials, and ma- 
chines, and he must be one of the leaders in communicat- 
ing a management attitude of acceptance toward the em- 
ployee and his part in the industrial order. This is not 
intended as a plea for give-away programs, but rather a 
recognition of the fact that management philosophies do 
affect all company people and that these same people af- 
fect the degree of their company’s success. To solicit the 
cooperation, operation effort and acceptance by people of 
new techniques or changes, it is necessary that they feel 
informed as to what is going on and how it affects them in 
their future. The manner of informing is critical because 
it requires sincerity, ethical honesty and straight forward 


factual information. Using evasiveness or a patting on 


the head attitude or other evidences of paternalism gives 
promise of being fatal if used as the reflection of a sound 
management philosophy. In this area of reflecting com- 
pany attitude, we should be well aware of the evaluation 
process being made by others on all our project contacts. 
But in the final analysis, the evaluation is being made by 
management itself. It is squarely up to us to determine 
our capability in speaking for our company philosophy. 
The opportunity is ours, the measuring of our perform- 
ances is still to be made. 

Another part of the company attitude that the engineer 
can positively effect has to do with the company’s repu- 
tation as an asset to the community. I realize this encom- 
passes a whole field that contains a multitude of items 
and I ean list only a few. But when we think of partici- 
pating in community education in training, civic, social 
and health affairs, educational grants, planned and ag- 
gressive programs of leveled employment, programs for 
youth education and retirement for the aged, we can vis- 
ualize the problem of assessing value, obligation and cost. 
Perhaps all of these cannot, and should not be construed 
as outside functions of the Industrial Engineer. What is 
important, though, is that the need for such items be con- 
sidered by the appropriate agency and evaluated for de- 
cision by the proper authorities. The engineer with his 
particular type of experience and diversified training, is 
in an excellent position to contribute a great deal to the 
progress of the community in which he lives, the develop- 
ment of educational plans, the economic soundness of 
civic affairs and many others. Any or all of these can 
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ereateta beneficial reaction in the promotion of the com- 
pany’s standing in the community. We should consider 
the value of lending our talents and training to the com- 
munity progress in that we benefit those around us, our 
company indirectly and surely ourselves in the profes- 
sion of engineering. ' 

Turning to the technical aspects of our job, we find one 
of our greatest challenges in step 4 of our human relation 
reflections, and this is in the area, technical and human 
designs. In the scope of designing entire processes, spe- 
cific operations, or just a particular tool, the human as- 
pect should be the forte of the Industrial Engineer. We 
are living in a cycle of time where we have been a charter 
member in the evolution and progress of automation. On 
a first hand basis, we have learned of the paramount force 
represented by the human factor consideration in the au- 
tomation growth. We have likewise learned that we are 
in an area where human capacity has definite limitations 
and can easily be the restricting factor. We do have, 
however, an ever increasing knowledge of degrees of 
reaction to responsibilities, mental pressure dangers, and 
the safety hazards of job boredom and monotony. Data 
is available on the effect of light, noise, vibration, humid- 
ity, and others. Each of these requires a step up in our 
engineering know-how as to design and integrated flow, 
not only for the process, but also for the man. We are 
faced with the prospect of applying consistent data in 
some processes, and developing individual human speci- 
fications in others. All of our previous training in plan- 
ning an optimum process considering all aspects of a 
problem, plus the good engineering judgment that we use 
daily should now stand us in good stead. These along 
with the continued findings of the research and medical 
analyst in human behavior, represent some of the best 
guides in improving our knowledge of the man-machine 
process. The valid interpretation of what is the true 
problem in this dual integration will present a real chal- 
lenge to the Industrial Engineer. The fatigue factor, long 
an arbituary allowance, now gives promise of becoming a 
piece of data that can be analyzed, computed and cor- 
rectly established in almost every work situation. The 
work of the scientist in evaluating human ability and 
response to both the direct and indirect senses will enable 
the engineer to visualize plans and design that may easily 
dwarf our previous efforts. All in all, the task of truly 
effective man-machine flow integration is complex, but 
certainly not impossible. Probably, it will become even 
more complex, especially if technology outstrips the 
progress of our present knowledge, and today this gives 
indications of being the pattern. Yet, the model of man- 
machine must be done and we know that it will be. It is 
not mere coincidence that we find this newly created gap 
admirably suited to the talents of Industrial Engineers. 
However, the most important fact is that the challenge 
and opportunity in the technical and human design are 
growing. At this point it is strictly up to us to see how 
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adequately we can respond and fill the bill. 

The last point in our discussion of human relations is 
concerned with step 5, the education process. When we 
speak of an education process, we are not only concerned 
with the principles of teaching and educating others, but 
probably more important, educating ourselves. Ours is a 
profession, remember, that only a short time ago, per- 
haps even yet, was accused by some of narrow specializa- 
tion and efficiency at all costs. Some of this criticism may 
have been warranted; however, today with the rapid 
advancement of technology and its resultant problems, we 
have been challenged to accept a new role in the engi- 
neering profession. How well we meet these new standards 
will depend to a great deal on our attitude toward assim- 
ulating all sorts of knowledge in this human relations 
area. We must learn to understand production operators 
and their natural resistance to a fast changing cycle that 
demands new techniques. We must learn to cope with the 
thinking of the scientists, the objectives of the designer, 
the wonderment of psychologists. In a reasonably short 
period of time, we can assume that each of these along 
with others will be fundamental contributors to the 
A sense of 
project balanee and an appreciation for all group mem- 


human analysis in operations and machines 


bers and the value of their contributions will necessarily 
have to be made by one of these contributing forces. 
Again, if we look impartially for that background that 
offers engineering, design, economics, human relations, 
and principles of leadership, we must seriously consider 
the Industrial Engineer. In my opinion, the people of 
this Industrial Engineering profession have this oppor- 
tunity, not only because it is available to them, but 
even more, will probably be demanded of them. The edu- 
cation process of course, is also the keeping abreast of 
the scientific advances in the field of human motivations, 
physical standards, and psychological reactions. Text 
books, progress reports, and a multitude of standard 
data are available for studying. Many of the leading 
companies today are carrying out their own experimental 
programs in these areas as related to their own processes. 
In many cases, these programs have been sparked by the 
Industrial Engineer. Our problem today is absorbing into 
our own personal philosophies an understanding and 
need for such education and setting out to acquire its 
teachings. This is going to take time, study, and hard 
work. Rest assured however, that our role in future prog- 
ress will require such diversity in our training, if we 
would gain the acceptance we seek. 

In summary, let me state that the challenges and oppor- 
tunities ahead for the Industrial Engineer are probably as 
great or greater today than at any other time in the history 
of the profession. A great amount of his ability to fulfill 
his challenge will depend on his knowledge to understand, 
evaluate, motivate and design for his fellow humans. In 
these respects, he will be faced with the momentous task 
of coordination and communications represented by many 
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fields of endeavor. His personal touch and personnel 
dealings will constantly be under the scrutiny of others. 
His promotional attempts in developing his company’s 
philosophy of human relations atmosphere will be difficult 
of achievement. His problem of visualizing and under- 
standing thé design and integration of machines with 
men will be beset with problems heretofore unknown. 
The task of enlarging his own educational processes and 
also that of others in the industrial and social world 
ahead will add tremendous amounts of time and energy 
requirements to an already well-burdened schedule. But 
realizing all of this, we have only to analyze the problem 
in front of us. In doing so, we will find the answer to be 
the Industrial Engineer. The opportunity exists, the 
challenge is evident, the time is now. The accepting and 
fulfillment are both entirely up to you. 
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PROFESSIONAL RELATIONS ACTIVITIES 


The Engineering Manpower Commission of the Engineers Joint 
Council, since its organization in 1950, has become one of the 
most active of the EJC organizations and one whose objectives are 
of significance to all engineers but especially to the young engi- 
neering graduate. The membership in the EMC is limited to repre- 
sentatives of the member and associate member societies of EJC. 
The AIIE was elected to representation in 1956. Herbert Ashcroft, 
Works Manager, Bausch and Lomb Optical Company, Rochester, 
New York, is the Chief AITE Delegate 


EMC Responsibilities 


The EMC responsibilities are far reaching; it is charged with 
developing policies and procedures that will aid in: 


a. Establishing the importance of engineers to our national well 
be ing 

b. Promoting the most effective utilization of engineers in 
maintaining the national health, safety and interest. 

c. Maintaining the supply of trained engineers. 


Each year the Commission prepares or participates in studies 
conducted on a national level of problems affecting engineering 
manpower. Annual placement surveys are made for example, in 
order to determine the status of engineering graduates in regard 
to employment, military or educational commitments. The surveys 
made in May, 1958, covered 159 colleges with curricula accredited 
by the Engineers Council for Professional Development and 53 
other colleges that awarded engineering bachelor degrees. In all, 
16,976 graduates, categorized by curricula, were surveyed through 
the deans of the colleges. This number represents a significant pro- 
portion of the 1958 engineering graduates and a sample large 
enough to adequately evaluate the placement status as of that 
time. This information is made available to leaders in industry, 
educational centers, and governmental agencies as an aid in for- 
mulating programs and policie 8 affecting the disposition and utili- 
zation of technical manpower 

At the time the surveys are reviewed the EMC recommends 
how the data should be publicized. Even the most optimistic in- 
formation dealing with engineering employment may have a harm- 
ful effect if it is handled incorrectly. 

The EMC maintains liaison with a number of government agen- 
cies that are responsible for policies affecting technical personnel 
in times of peace and emergency. The President of the EJC is a 
Member of the President’s Committee on Scientists and Engi- 
neers; the Chairman of the EMC served as a Member of a Task 
Force of the President’s Committee on problems of utilization of 
the Secretary of EMC has also served in 
various sub-committee posts. The Executive Secretary of the EMC 
is a Member of the Committee on Specialized Personnel of the 
Office of Defense Mobilization and is also a Member of the Execu- 


engineers and scientists; 


tive Reserve of the ODM. This latter assignment facilitates liai- 
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son with a number of government agencies: Defense, Labor, The 
National Science Foundation and Commerce, to name a few. 


Scientific Manp and EMC 


At this point it might be well to point out that a Scientific 
Manpower Commission has been established for some time with 
objectives and goals on behalf of scientists similar to those of the 
EMC on behalf of the engineering profession. In 1954 these two 
councils began cooperating extensively and have joined forces in 
undertaking studies that are of mutual interest. The advantages 
of such a partnership are self-evident; a Manpower Newsletter is 
prepared jointly by these two Commissions, for example, and is 
sent to over 12,000 individuals. This Newsletter has been pub- 
lished continuously for five years and is widely accepted as an 
authoritative source of information. 

There are a number of instances where this combination of 
forces has paid off. Basically the utilization of engineers has been 
and will probably continue to be the area of primary interest to 
the EMC. One of the important achievements in this field was 
the recognition of the importance of engineers to the national 
security by the Executive and Legislative Divisions of our govern- 
ment through the establishment of the Critical Skills Program. 
The Reserve Forces Act of 1955 and subsequent regulations di- 
rected the establishment of a maximum 6 months training period 
for skilled personnel employed in activities essential to the na- 
tional welfare and provided quick screening from the Ready to 
the Standby reserves. The Critical Skills Program was suspended 
in July, 1957, for budgetary reasons, However, the combined efforts 
of the EMC and SMC led to the re-establishment of the Critical 
Skills Program in October, 1957. 

The EMC and SMC have also supported efforts to recruit and 
train high school teachers and have assisted them in their im- 
portant function of developing youngsters with a high potential 
for an engineering or scientific career. In 1957, the two groups 
prepared a joint exhibit of guidance material in engineering and 
science at the Annual Meeting of the National Science Teachers 
Association. The Member organizations of both the EMC and 
SMC contributed items of guidance material which were placed 
directly in the hands of the science teachers. In addition, during 
the year exhibits were set up by the EMC at colleges and univer- 
sity summer schools. Teachers taking supplementary courses or 
visiting the campuses were invited to request guidance material 
from the EMC. 

The EMC has supported the activities of the Engineers Council 
for Professional Development by appropriating money to assist 
the ECPD in developing and distributing engineering guidance 
literature to guidance personnel in high schools. 





Com 


The impact of recent international scientific developments 
computers, nuclear fission, prospective interplanetary travel—on 
the future of technological education in the United States resulted 
in a Special Conference on Higher Education, Science and Tech- 
nology sponsored by the SMC, National Research Council, Na- 
tional Science Foundation, American Society for Engineering Edu- 
cation and the Engineers Joint Council in November, 1957. At this 
conference the EMC acted on behalf of the EJC in its organiza- 
tional responsibilities. The press has not been slow in capitalizing 
on some of the startling aspects of these scientific and engineering 
achievements; the proceedings of this conference were published 
in March, 1958, and should contribute to a more mature under- 
standing of the problems associated with these technological de- 
velopments. They are available from EJC. 


EMC and College Enrollment 


The EMC has been a potent force in reversing the downward 
trend in Engineering College enrollment, It has recognized the 
need for continuously improving and supporting the education of 
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science teachers and has assisted them in their important role as 
counselors at the high school level. Through its efforts there has 
resulted a more effective utilization of engineering manpower 
within the Military. It has continuously sought to educate all 
branches of the government dealing with scientific and engineering 
manpower to the mutual benefit of all concerned, Through special 
surveys and the medium of the EMC-SMC Newsletter the EMC 
has become a prime clearing house for information about engineers 
and the engineering profession. 

In the future, we can expect an ever increasing public interest 
(especially at the Congressional level) in the problems dealing 
not only with the selection and training of students in science and 
engineering but also in the more urgent problems of facilities at 
the pre-college and college level. Certainly, one major problem 
will be that of providing an adequate supply of capable science 
teachers. The shortage of engineers—real or otherwise—will con- 
tinue to receive national attention as appropriations are approved 
for military and space research and development projects, The 
EMC will play an important role in promoting the most effective 
utilization of engineers and providing information useful in de- 
veloping plans for maintaining a supply of trained engineers in 
the face of these trends. 


EMC and ALE 


Considering the short time that the EMC has been in existence, 
it has made impressive progress in fulfilling its responsibilities. The 
ALLE is just beginning to take an active part in the work of this 
Commission. In June, 1958, Herbert Ashcroft was appointed Chair- 
man of the Committee on Government Contract Procedures and 
Engineering Manpower Utilization. We are in a position—through 
the background and experience of many of our members—to be of 
considerable help to the Commission in fulfilling the tasks assigned 
to it by the EJC 

Re ports d for the Profe ssional Relations Committee 
By O. J. Feorene 


FINANCIAL STATEMENT OF AITIE 


As required by Article VI, Section 28 of the AIIE Constitution, 
the following financial statement is published as prepared by our 
auditors, Keller, Kirschner, Martin & Clinger, Ce rtified Public 


Accountants 


Statement of Cash Receipts and Disbursements 
for the year ended September 30, 1958 
CASH RECEIPTS 
Dues 
Chapter $23,868.49 
36,882.62 
37,721.95 
6,545.72 
3,554.80 
7,260.55 
6,011.34 
1,295.65 
977.44 
1,115.55 
7,588.03 


4,577.73 


Senior 

Associate . 

Affiliate 

Student 
Application fees 
Journal subscriptions 
Sale of books, kits, and supplies 
Sale of jewelry ae 
Mauiling list and miscellar ers 
Proceeds—Sth National Conference .... 
Proceeds—9th National Conference 
Repayment of advance—regional con- 
ference 350.00 
1,090.34 


$138,840.21 
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CASH DISBURSEMENTS 


Salaries and payroll taxes $33 692.72 
Rent 3,247 50 
Communications 710.63 
4,181.77 
2,674.25 
1,670.52 
7,527.55 
25,426.01 


Postage 

Office supplies and expense 

Office equipment 

Printing, mailing, and stationery 

Journal publication 

Travel, hotel, and meals: 
Reimbursed expense 12,140.96 
1,775.00 

22,539.06 


Advances 
Refunds—dues and fees 
Engineers’ Joint Council 923.00 
Books, kits, and jewelry 1,878.80 
Insurance and bank charges 70.72 
Advance—9th National Conference .... 2,350.00 
Advance—10th National Conference 
Advances—chapter organization 

Total cash disbursements 121,908.49 
UNEXPENDED RECEIPTS 


for the year 


$ 16,931.72 


CASH ON DEPOSIT 
at October 1, 55,378.01 
CASH ON DEPOSIT 
at September 30, 1958 


The cash on deposit at September 30, 1958, consists of the 
following: 


Checking account 


The Huntington National Bank $33,146.08 


Savings accounts 
The Buckeye Federal Savings & Loan 
Association 10,000.00 
9,163.65 
10,000.00 
10,000.00 


$72,309.73 


The Dollar Federal Savings & Loan Association .. 
The Ohio Federal Savings & Loan Association 
The Park Federal Savings & Loan Association .. 


Total cash on deposit 


The cash on deposit at September 30, 1958, is represented by: 
Cash received in advance for the 1958-59 fiscal 
$35,862.65 
Cash received and unexpended for the year ended 
September 30, 1958, and prior 36,447.08 


Total cash on deposit $72,309.73 


PENN STATE MARKS 50TH ANNIVERSARY OF ESTAB- 
LISHMENT OF THE FIRST INDUSTRIAL ENGINEERING 
DEPARTMENT 


Industrial Engineering as a formal engineering curriculum 1s 
just fifty years old. In 1908 the first related courses of study in the 
area of Industrial Engineering were introduced in the school of 
engineering at Penn State. The curriculum was added as a result 
of a conversation at the Union League Club of Philadelphia be- 
tween General Beaver, Ex-Governor of Pennsylvania and F. W 
Taylor. The result of this discussion was the recommendation of 
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teaching “Mechanical Engineering from the standpoint of manu- 
facturing rather than from the standpoint of power plant tests 
und higher mathematics.” 

The first class of two men was graduated with a Bachelor of 
Science degree in 1910. Since its beginning, 1,983 Industrial Engi- 
neers have been graduated from Penn State. The following chart 
illustrates this rapid and progressive growth. 


ANNUAL NUMBER OF GRADUATES 




















B. W. Niebel, Head, Department 
of Industrial Engineering, Pennsylvania State University 


CHAPTER DEVELOPMENT PROGRAM 


The success of the American Institute of Industrial Engineers 
is unalterably tied in with the success of its individual chapters. 
The chapters are the grass roots of AIIE. 

We all recognize the fact that competition and incentive are 
two powerful tools of management. It behooves us then as good 
industrial engineers, to use these tools for the betterment of our 
own professional organization, With this in mind, we have estab- 
lished a set of standards of measurement, whereby the chapter that 
does the most in service to its members will reap the most in 
pride of accomplishment. The Chapter Development Program 
is that accepted standard of measurement. 

The program period starts on April Ist of each year and ends 
on March 3lst. Selection of these dates for the period of competi- 
tion was made for two reasons. First, it was felt that spreading 
the contest year over two administrations would help us measure 
the chapter’s ability to maintain continuity and would force them 
to do considerable advance planning. Second, by completing the 
program on March 3lst, there is sufficient time to evaluate the 
entries, select the winners and prepare the awards in time for 
presentation at the annual conference banquet. 


Janvary—february, 1959 


Activities of the individual chapters are measured in five fields 
of endeavor including organization, education, affiliation, public 
relations and membership, Goals are established under each of 
the above and point values are assigned to each goal, Chapters 
meeting the minimum number of points established for each of 
the five sub-divisions qualify for an “Award of Excellence.” The 
chapter with the highest record is awarded the “FRANK F. 
GROSECLOSE TROPHY.” This award recognizes the outstand- 
ing chapter in the nation and is named in honor of Col, Frank F. 
Groseclose, Director of the School of Industrial Engineering, 
Georgia Institute of Technology. Col. Groseclose has served as 
national president of AITE and is a Fellow of the institute. 

Last year nine chapters out of 87 qualified for the “Award 
of Excellence” and the outstanding chapter in the nation was 
the Great Salt Lake Chapter. 

Very little extra work is involved in taking part in this pro- 
gram. As a matter of fact it amounts only to keeping score of 
those things that a chapter should be doing anyway if it is to op- 
erate effectively. In this, the second year of the program, about 
60 of the 87 chapters are actively competing. The others are 
urged to take advantage of this aid for developing their chapter's 
operation —Frank J. Johnson, National Director of Chapter 
Development. 





CONTRIBUTED RESEARCH PAPERS 
FOR 

THE TENTH ANNUAL NATIONAL CONFERENCE 

Several sessions at the Tenth Annual National Conference 
of the American Institute of Industrial Engineers, in Atlanta, 
Georgia, on May 15, 1959, will be open for contributed pa- 
pers by individuals doing research in the area. 

Titles and abstracts of these papers must reach Andrew 
Schultz, Jr., Upson Hall, Cornell University, Ithaca, New 
York, by April 15, 1959. The title should include: title of 
paper, full name and initial of the author, his affiliation and 
address. The abstract should be carefully prepared to indi- 
cate the essence of the paper, the purpose, what was done, 
and the conclusion; and it should be limited to two hundred 
words, double spaced, with one carbon. 

It is hoped that the membership will take advantage of 
this opportunity to report on research accomplishments. 














AITE RESEARCH AWARDS 
for 
Faculty Research 
Industrial Research 
Graduate Study Research 
Student Research 


Nominations and supporting evidence must be submitted 
prior to April 15, 1959. 


Contact: Arthur F. Gould, Chairman 
' ATIE Research Prize Committee 
Department of Industrial Engineering 
Lehigh University 
Bethlehem, Pennsylvania 
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DWIGHT D. GARDNER SCHOLARSHIP FUND 


J. L. Southern, President, Dwight D. Gardner Scholarship Fund 
Trustees, has announced that the amount currently on deposit 
in the fund at the last audit was $3,168.67, and encouragement 
and support is continuing to expand this scholarship endeavor 
each month. 

The trustees are conducting a yearly drive for funds in an 
effort to maintain the present balance and insure the continuance 
of the granting of scholarships each year. The amount of scholar- 
ship grant is set at $750.00, and the first scholarship is being «s- 
tablished for the fall school term in 1959. Apylications for stu- 
dents interested in the scholarship are available at National 
Headquarters and will be forwarded to individuals upon request. 

The Trustees of the Fund are: J. L. Southern, President; 
Harold T. Amrine, Treasurer; 
Laitala and F. J. Titler 

Your support through contributions will be 
partial list of contributors to date is as follows 


Howard P. Emerson, Everett 
appreciated, A 


National Headquarters Office AITE The Scioto Country Club, Columbus, 
N. E. Aikin and wife Ohio 
Mrs. Lena Aikin Doctors D. F 
T. F. Moser and wife Vincent 
R. E. Mason and wife Columbus Truck and Equipment 
Miss Alice Bishop Company, Columbus, Ohio 
Db. G. Malcolm Keller, Kirschner, Martin and Clin 
The V. K. Gamble Company, Ine ger Certified Accountants, Colum 
Columbus, Ohio bus, Ohio 
H. J. Hans W. C. MeWilliams and wife 
Roadway Express, Inc., Akron, Ohio J, C. MeWilliams and wife 
The G. W. Holmes Company, Colum A. MeCullough and wife 
bus, Ohio Webb Insurance Agency, Inc., Lima, 
= G. Stanley Ohio 
Clyde Kackley 0. H. Ryerson and wife 
Miss M. B. Liston D. A. Trenwith and wife 
The White Transportation Company Fred Bell and wife 
Zanesville, Ohio E. B. Bidlack 
Employees of Commercial Motor Mississippi Valley Chapter, AITE 
Freight, Ine Allen Pretzman and wife 
J. L. Southern and wife Mrs. L. K. Replogle 
R. F. Todd and wife 
R. H. Colburn and wife lumbus, Ohio 
B. Kingzett James Galupp and wife 
8. M. Bostic and wife J. J. Boyle Sales and Service, Co 
A. E. Karcher and wife lumbus, Ohio 
R. F. Carlson and wife University of Iowa Student Chapter, 
M. A. Reitzke and wife AITE 
EK. M. Goodwin and wife Peninsula Chapter, AITE 
John Barta and wife Tri City Tennessee Chapter, AILTE 
Gay Miller and wife Milwaukee Chapter, AITE 
International Motor Freight Com Columbus, Ohio Chapter, AITE 
pany, Zanesville, Ohio Metropolitan New York Chapter 
EK. A. Bauer and wife AITE 
W. G. Stanton and wife Walter L. Williams 
Mrs. Elmer Houdashelt J. P. Myers 
Miss Julia Haddock The Gardner Family 
Car! Haueisen and wife W. B. Arne and wife 
J, Camenzind and wife 


Rosenow and D. J 


Williams and Company, Inc., 


United Airlines Foundation 
G. M. Giles and wife E. W. Natzke and wife 
Fred S. Neumann Rochester Chapter, AIIE 
Water Chicago Chapter, AITE 
town, Massachusetts F. J. Titler and wife 


Lewis Shepard Company 


CALENDAR 
February 12 and 13, 1959: “Computer and Data Processing in 
Industry” conference sponsored by Purdue University. Objective 
of this conference is to acquaint middle and top management with 
computers and data processing, including 
1. Basie concepts of computers and data processing 
2. The application of computers for answering management 
questions 
3. New developments in the field 
1. Case examples showing how computers and data processing 
can be used in industry 
March 21, 1959: Second Niagara Frontier Area Industrial Engi- 
neering Conference; campus of the University of Buffalo, Buffalo 
New York; sponsored by Niagara Frontier Chapter of AITE and 
the Industrial Engineering Department of the University of Buf- 
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falo. Registration Fee, $12.50. Write Mrs. Ethel E. Schmidt, Di- 
rector of Special Services, 172 Hayes Hall, University of Buffalo, 
Buffalo 14, New York. 

November 4, 5 and 6, 1959: 1959 National Automatic Control 
Conference, Sheraton Hotel, Dallas, Texas, sponsored by the 
Institute of Radio Engineers Professional Group on Automatic 
Control, with official participation by the American Institute of 
Electrical Engineers, the Instrument Society of America, and the 
IRE Professional Group on Industrial Electronics. Technical 
papers are uow being solicited. For information write: Mr. G. 8. 
Axelby, Technical Program Chairman, Westinghouse 
Corporation, Box 746, Baltimore 3, Maryland. 


Electric 


PERSONALITIES 
GERALD NADLER 


Gerald Nadler, Head of the Department of Industrial Engineer- 
ing at’ Washington University in St. Louis, has been accorded a 
signal honor. He has been invited to spend some time as a visiting 
professor in the Department of Engineering Production at the 
University of Birmingham, England. During the six months he 
will spend in England, his general activities will include lecturing 
and conducting case studies in connection with graduate courses in 
the Department of Engineering Production, advising and assisting 
in the research work of the department especially on work meas- 
uring, lecturing at the Institute of Engineering Production work 
courses and other outside organizations, and consultation work 
with Joseph Lucas Ltd. 

Upon leaying the University of Birmingham in June 1959, Dr. 
Nadler plans to spend two months touring Europe visiting various 
centers of Industrial Engineering activities and persons with 
whom he has contacts on a professional basis. September 1959 will 
find him at home in St. Louis. 


AKRON CHAPTER 


At the October meeting, Mr. Ralph W. Updegraff, National 
Treasurer of AIIE, spoke to our chapter on “Industrial Engineer- 
ing, Past, Present and Future.” Mr. Updegraff reviewed Industrial 
Engineering from its origin in the days of Frederick Winslow 
Taylor to present times, and emphasized the great challenge con- 
fronting the Industrial Engineer of today, that of helping his 
fellow man in all the various professions. The dinner meeting was 
held at the Akron Woman’s City Club after which followed a 
lively question and answer period. 

Doctor Giovanni Nassi, Chief Work Study Engineer of the 
Pirelli Rubber Company of Milan, Italy, and Marcello A. De 
Giorgis, Staff Liaison Engineer of Pirelli’s New York Office arrived 
at the Akron-Canton Airport on October thirteenth. They visited 
The Firestone Tire and Rubber Company to gain an insight on 
American tire production techniques, work measurement, methods 
study, job evaluation and plant layout procedures 

Arrangements for Dr. Nassi’s and Mr. De Giorgis’ visit were 
made through the National Headquarters of AIIE and Akron 
Chapter President, Mr. Ralph F. Fix. During their visit to Akron, 
Dr. Nassi and Mr. De Giorgis were house guests of Mr. Fix. 

At the conclusion of their stay, each visitor indicated a firm 
appreciation of the advancements made in American manufactur- 
ing, and of the vital part Industrial Engineering played in coordi- 
nating the various management functions. Dr. Nassi pointed out 
that Pirelli has already made advancements in work measurement 
of indirect labor operations at the several foreign Pirelli plants. 

During his visit to the United States, Dr. Nassi was approached 
by one of the leading American Industrial Magazines to write an 
article on Indirect Labor Work Standards in the Italian Rubber 
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Industry. The Pirelli Company is the largest and leading rubber 
producer in Italy and employs approximately 22,000 people. 

Mr. Fred Simon, U.A.W. International Representative was our 
speaker on November the nineteenth when he discussed “The 
Union Viewpoint on Incentives, Time Study and Job Evaluation.” 

Mr. John E. Schlacter, Manager of Employee Insurance & 
Pension Programs of the B. F. Goodrich Company spoke on 
“Economic & Social Impact of the Fringe Package” at the Decem- 
ber meeting. 

“Cost Control Through Budgetary Control” was the topic of 
Mr. Robert A. Wofsey of Arthur Young & Company, our January 
speaker. 

Stanley D. Garthoff of our chapter received the highest grade 
of 77 in the State of Ohio’s Professional Engineers Examination 
which was given last July, to the new specialists in Industrial En- 
gineering. Mr. Garthoff is an Industrial Engineer with Goodyear 
Tire & Rubber Company of Akron and holds a BS degree in In- 
dustrial Engineering from Virginia Polytechnic Institute. He is a 
member of our Publications Committee and lives with his wife 
Dorothy and sixteen month old son Russell at 407 Madison Ave- 
nue in Akron. 

Last year we doubled our membership and presently have 65 
members with two candidates in process. This year promises to be 
one of the most active years in the history of the chapter. 


CHATTANOOGA CHAPTER 

The Chattanooga Chapter began its fourth year of activities 
with a membership of forty-five 

The fall schedule of meetings started on September 19th with 
Mr. R. A. Harrison of I.B.M., Atlanta, whose subject was “Ma- 
chine Accounting.” Mr. Harrison has previously spoken at regional 
meetings on the Industrial Engineering functions in regards to 
machine accounting 

The October meeting had Mr.. George Parkin of Anderson- 
Nichels, a management consultant firm from Boston, Massachu- 
setts. The subject was the “Industrial Engineering Aspects of 
Maintenance Engineering.” 

For the November meeting, General Electric furnished a 
film and speaker on the subject of “Economics of Automation.” 

The December meeting was designated for a plant tour. It has 
been found that plant visitations are a popular type of program. 

Plans are continuing for our seminar. Pertinent facts available 
at the time of publishing are 

Time: One day seminar, tentatively scheduled for Friday, Feb- 

ruary 13, 1958 
Place 


Subject 


Hunter Hall at the University of Chattanooga. 
“Work Measurement.” It will include sessions on time 
study, pre-determined time technique and work sampling. 
Objective: Have sessions that will appeal to both Industrial 
Engineers and management personnel. 
The seminar will be co-sponsored by the AIITE Chapter and the 
University of Chattanooga 


DETROIT CHAPTER 


Congratulations to our chapter officers for 1958-1959. They are: 
President, Chester L. Brisley; Treasurer, Max Crandall; and 
Secretary, Clinton A. Jaycox 

The Detroit Chapter began its new year with a discussion of 
Linear Programming presented at the September 9 meeting. Mr. 
Fred D. Stone of Peat, Marwick, Mitchell & Co. of Chicago spoke 
on linear programming techniques as applied to industrial prob- 
lems 

At the October meeting, Mr. Floyd W. Simerson of Sears, 
Roebuck & Co. in Chicago was guest speaker. The title of his 
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address was “Work Simplification, the Most Effective Tool in 
Today’s Industry.” 

The Detroit Chapter is again planning a Winter Conference to 
be held in the latter part of January 1959. Those attending are 
promised a most interesting session. 


LOUISVILLE CHAPTER 


At our September meeting we were honored to have as speaker 
Mr. Delmar W. Karger, Central Regional Vice President of AITE. 
He spoke to us on “The Industrial Engineer’s Place in New Prod- 
uct Development.” Mr. Karger, whi is Director of New Products 
Development for the Magnavox Company in Fort Wayne, Indi- 
ana, is co-author with Mr. Franklin H. Bayha of the recently pub- 
lished Engineered Work Measurement. He is an officer of the 
MTM Association, and active in other technical organizations 
including the Society for the Advancement of Management, 
American Institute of Plant Engineers, and the National Associa- 
tion of Foremen. 

Dr. W. D. A. Peaslee, President of Valparaiso College, was guest 
speaker at our October meeting. He spoke to us most interestingly 
on the subject of “The Engineer in the Atomic Age.” 

On October 30, the Louisville Chapter sponsored a conference 
on “Practical Work Measurement in Material Handling.” The 
sessions were held at the Kentucky Hotel. Members of a panel 
on “Brainstorming in Material Handling” included J. R. Kershner 
of 8. A. Birn Co., G. Hedgspeth of H. J. Scheirich Co., Ralph 
Arboe of Famco Inc., and George Scalise of Enro Shirt Co. The 
luncheon speaker was Joseph Krisloff, Educational Director of the 
Kentucky Federation of Labor. 


MEMPHIS CHAPTER 


Congratulations are in order to our new officers elected at the 
September meeting. They are: President, Hancel C. Bonds; Vice 
President, Richard C. Hupp; Treasurer, George Dimit; and Sec- 
retary, Joe T. Eubanks, Jr. 

Our October meeting was held at the Union Planters Bank on 
October 15. Joe B. Maloy, our former president, spoke to us on 
Linear Programming. Besides being our former president, Mr. 
Maloy is a Senior Engineer at Kimberly-Clark Corporation, and a 
licensed Industrial Engineer in the state of Tennessee. He is pres- 
ently teaching subjects in Industrial Engineering at our University 
of Tennessee Extension, 


METROPOLITAN NEW JERSEY CHAPTER 


Our October meeting was an informal one, taking place in the 
Terrace Room of the Hotel Suburban, East Orange, on October 21. 
The program included five General Motors films dealing with the 
following topics: Making a Job Easier by Motion Study, Com- 
bining Utility With Beauty to Assure Practicality, Influencing 
People, A Biography of a Car, and A Miracle Occurs by Human 
Friendliness. 

Our November meeting featured Robert Roeloffs, speaking on 
the subject of “Evolutionary Operation.” Mr, Roeloffs, now Sec- 
tion Head of Operations Analysis at Merck & Co., has worked as 
Equipment Engineer and later as Business Office Manager with 
N.Y. Telephone Co. He explained Evolutionary Operation as a 
technique for operating an industrial process in such a way as to 
generate not only product, but also information on how to improve 
the process. It operates by introducing limited but systematic 
changes in controllable process variables in such a way that their 
effects can be identified and capitalized on. It is intended for rou- 
tine use by production personnel in much the same manner as the 
quality control chart. 
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MIDDLE TENNESSEE CHAPTER 

The September meeting of the Middle Tennessee Chapter was 
a dinner meeting at the Officers’ Open Mess of Arnold Engineer- 
ing Development Center in Tullahoma. Don M. Bean of the en- 
gineering branch, general services division, was speaker at this 
meeting. His subject was “Project Control Procedure.” Members 
from Shelbyville, Manchester, Winchester, and Tullahoma at- 
tended 

The October meeting was held at the same location. Following 
the business meeting, we held our first session of Harvard Univer- 
sity’s “Business Game.” Under the rules of the game, two or more 
companies are established on paper to manufacture and sell similar 
products in direct competition. At this first session, personnel for 
the companies were chosen and the concerns were taken through 
the establishment of the production lines and start of sales train- 
ing. At subsequent sessions, the game will be carried on through 
the production and final sales procedures. Robert Koger and Cord 
Link, Jr., are conducting 


PHILADELPHIA CHAPTER 


It is with deep regret that we announce the death of our Chap- 
ter President, Mr. Luther A. Darmstaetter. Mr. Arno Cassel will 
serve as President pro tempore for the balance of the 1958-59 
season 

At a meeting of the Board of Directors on September 4, 1958 
the following appointments of Committee Chairmen were ap- 
Program, Armand M. Scocca; Publicity, Michael Dam- 
roth; Membership, J. Edward Krantz; Qualifications, Ben Shatz; 
Constitution, William McDowell; Professional Registration, Jo- 


proved 


seph Fox; Procedures, Raymond Shirtz; Professional Relations, 
Edward Urbanski; Chapter Development, Albert Chaban; Re- 
Frederick A. Cline; 
Historian; Vincent J. Giardina; and Special Projects, George A 


Smith 


gional Conference Representative, Chapter 


Plans for an interesting and rewarding program are nearing 
completion and will include monthly dinner meetings, plant tours, 
panel discussions and the inauguration of technical discussion 
groups. Monthly meetings will be held at the Engineers Club, 1317 
Spruce Street, Philadelphia, Pennsylvania. Dinner will be served 
at 6:30 p.m. with the meeting starting at 7:30 p.m. Scheduled dates 
are: January 21, February 18, March 18, April 15, and May 20. 


TOLEDO CHAPTER 


The Toledo Chapter of the American Institute of Industrial 
Engineers announces its program for 1959. According to Mr. 
Donald A. Dettinger, President, the theme will be “Cost Reduc- 
tion” with speakers and topics as follows: 

In January, Mr. B. L. Hansen who is Director of Research at 
the National Institute of Management located in Cleveland, Ohio, 
spoke on “Recent Techniques in Work Measurement.” 

The topic for the February meeting will be “Fitting a Cost Re- 
duction Program To Your Company’s Needs.” Speaker will be 
Mr. J. Ryan, Staff Supervisor with the A. T. Kearney and Com- 
pany, Chicago, Illinois. 

Mr. R. Boerner from the Textileather Division of General Tire 
and Rubber Company will be the speaker at the March meeting. 
He is Director of Indusirial Relations and his subject will be 
“Industrial Engineering and Labor Contracts.” 

The April meeting will feature Mr. N. V. Reinfeld, Managing 
Director of the National Institute of Management, as speaker 
His topic will be “Inventory and Production Control Techniques.” 

Following in May, Mr. W. W. Wittlinger of the Kimberly-Clark 
Company, Neenah, Wisconsin, will speak on “The Executive Ap- 
proach to Industrial Engineering.” Mr. Wittlinger holds the posi- 
tion of Manager of Professional Service 

The Toledo Chaper meets regularly on the fourth Tuesday of 
every month, Officers this year are: J. Schneider, Vice-President ; 
F. Metzger, Secretary ; and V. Caligiuri, Treasurer 





Bringing you 





needed design facts and 
technical data on today’s 
engineering materials 


In this handbook you will find almost 2,00¢ 
pages of answers to both routine and 
unusual problems that crop up whenever 
engineering materials are being selected 
Technical tables, design information, 
structural characteristics, and tabular 
data—a wealth of useful and specific facts 
are made quickly available 


Just 
Out! 


ENGINEERING MATERIALS HANDBOOK 


Fdited by CHARLES L. MANTELL, Consulting Engineer 

Newark College of Engineering. 1906 pp., 648 illus., $21.50 

Each of the 43 sections was prepared by one or more spe- 
cialists. A staff of 150 of these experts cover metals, organic 
materials, and inorganic materials. Emphasis is placed on 
the fabricated forms of materials, their physical and me- 
chanical properties, their adaptations, advantages, limita- 
tions, competition with each other, protection against de- 
terioration, and increase in their stability to withstand use 
and abuse. 

In line with today’s needs, the Handbook covers such 
items as the uncommon metals which are rapidly reaching 
commercial importance and production, and the materials 
of construction of apparatus for control and utilization of 
atomic forces and fission products. 


Order from 
Journal of Industrial Engineering 
A. French Bldg., 225 North Ave., N.W. 
Atlanta 13, Georgia 
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CONTROL ENGINEERING 
HANDBOOK 


Edited by Byron K. Ledgerwood and the 
Staff of Control Engineering 
Large size 8% x 11 pages, 200 illustrations, $7.50 


HIS practical working manual brings you step-by-step practices 
and procedures on all aspects of control engineering and design. 
You are guided every step of the way through system specification, 
synthesis and analysis, and evaluation. You get 


Authoritative a complete run-down on pneumatic and me- 
Drawn from articles 
that appeared’ in 
Control Engineering, 
this manual helps 
you benefit from 
the experience and 
know-how of experts 
from many leading 
companies in this 
field. 


chanical control-function generators, servo wir- 
ing design, ac analog computers, and non- 
linearities in control systems. Covers control 
systems engineering in both modern industry 
and the military, from the basic fundamentals to 
putting systems into actual practice. 


Order from: JOURNAL OF INDUSTRIAL ENGINEERING 


A. French Building, 225 North Ave., N.W. 
Atlanta 13, Georgia 
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AUTOMATION 


“Complete Centralized Control Is Possible Today,” by G. W. 


McGinley, THE OIL AND GAS JOURNAL, page 89, July 14, 1958. 

A definite move to centralize systems control in pipelining has 
been started in recent years. And during the last 3 years, rigorous 
centralized control philosophies, including provisions for ultimate 
Hardware 
today, even in packaged form. 


automation, have been proved repeatedly in service. 


for such systems is available 


“First Push Button Gas Pipeline 
S. Orlofsky, THE OIL AND GAS JOURNAL, page 114, July 14, 1958. 
After 


Interstate 


Ope rating Successfully,” by 


more than 5 years of planning and development, Gulf 


Gas Co.’s system of pipeline automation is now in 


service. The Stanton, Ky., station, an experimental satellite unit, 
was the prototype for the five fully automatic centrifugal-compres- 


sor stations 


COST CONTROL 
Labo Costs m An 


Discussion 


“Cont olling 


Table 


Inflationary Period,’ Round 
MANAGEMENT RECORD, page 92, March 1968. 
Today, many companies are concerned with finding ways to 
reduce unit labor costs, both in the office and in the factory. This 
three 


All three 


with 


article discusses what companies did to combat the rising 


costs of labor have found that if a firm is to cut costs 


it must keep up improved methods and make required 
The se 


ment can make effective use of such methods as job simplification, 


changes when necessary companies believe that manage- 


work sampling, work standards and scheduling 


In addition the three contributors the need for full 


ind participation in any cost-cutting pro- 


stress 
employes coopel ition 
successful, This means that employees must 
and be fully that 


1s tied to the company’s success 


gram if it is to be 


understand management’s problems aware 


their own welfare 


Cost 


June 


“contr olling 


Controlling Labo MANAGEMENT RECORD 1958. 
/ 


In a period of economic recession, the term 


labor costs” is often interpreted to mean cutting labor costs— 


sometimes to the bone. Of course, controlling labor costs does 


Nor should this 
panic-inspired actions taken when profits 


not necessarily mean cutting them directly 
control consist in 
start dropping 

Tables 


labor 


issue on the 
subject of first, Don F 
Copell discusses “Production Wage Cost Controls”; John H 
Holzbog’s subject is “Office Salary Cost and 
4 D. R. Fraser writes on “The Medical Department’s Role 
in Reducing Costs and Bettering Employee Relations.” In 
Round Table 


trolling fringe benefit costs 


Round in this 


controlling 


Two three-part appear 


costs. In the 


Controls” : 


on the overall subject of 

Geoffrey N. Calvert 
‘Cost. of Living Pensions”; Earl 8. Willis writes on “Major 
Medical Insurance”; and Joseph R. Shaw’s subject is “What’s 
Happening To Workmen’s Compensations.” 


the second con- 


discusses 
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“How to make Today’s Production Controls Cut Costs In 
Your Plant,” by H. Ford Dickie, Factory MANAGEMENT AND 


MAINTENANCE, June, 1958. 


For the company that wants quick, sharp cuts in production 
costs, the author recommends the following steps: find the major 
area of expense, initiate a vigorous inventory reduction drive, 
compare measured output of various people performing the 
same kind of work, and speed up your educational program, In 
this discussion of cost-cutting production controls, he also 
describes the successful use of sales forecasting, mechanization, 
and new dispatching techniques. 


“Vehicle Cost Records Pay Off,” by P. F. Lecocq, MODERN 
MATERIALS HANDLING, page 98, November 1968. 

1. Almost three thousand pieces of equipment are covered by 
cost records at the Caterpillar Tractor Co. home plant in 
Peoria. Ranging from bicycles to railroad cranes, these 
records include almost every type of mobile materials han- 
dling equipment—many of the company’s own manufacture. 
Pay-off in this system is reflected in Caterpillar’s safety 
record (lost time accident experience equals 2.2, four times 
better than the national average in heavy industry), and 
in reduced equipment operating costs. 

. Under this cost system areas of responsibility are clearly 
defined. Department heads get monthly vehicle cost reports. 
These costs reflect directly on departmental performance, 
and a poor cost report gets immediate attention. The basic 
reason is discovered, and if possible corrected. 


“Cost Control: Look Before 
Reporter, by Editors of THE 
July 1958. 

The greatest cost-cutting has been achieved by 
companies in which top management has conditioned itself for 
major change and motivated front-line and middle management 
to gain the desired savings by methodically facing up to the 
problem, searching out opportunities for economies, and setting 
up a rational cost-cutting program. These companies have rec- 
ognized that: : 


You Lop,” Condensed from Acme 
MANAGEMENT REVIEW, page 31, 


success in 


1. Effecting economies is not a matter of chopping off whole 
functions but an. over-all process that extends through a 
whole company. 

More often than not, successful and relatively painless cost 
reduction means a revision of a system, or the development 
of some formal procedure where none existed before, 

. Record keeping in all departments and at all levels is 
especially vulnerable to the scalpel of the cost-conscious 
executive, but the probing has to be done in depth 

. There are no standard cost-cutting formulas, for one firm’s 
waste motion may be another's essential function. Tracking 
down excess cost depends on a clear answer to the question, 
“What are our real needs in this particular company?’ 

. Cost cutting is a team job. Unless the achievement of sav- 
ings is a goal of the total enterprise, the effort will be only 
partly successful. 

. Administering the program is a tougher job than getting 
cost-paring vested interests will often be 
affected. Cost-cutting tools—data showing how the cost 
dollar breaks down—must be available down to the lowest 
levels, and all responsible personnel must be trained in using 
them. 


ideas, because 


GENERAL 


“How to Work with Committees,” by D. W. Blend, tHe mon 
ace, page 73, July 10, 1968. 


1. Management’s primary function is to make the best use 
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of the abilities of the people in its organization. 
Much has been written and spoken about the various 
management systems. The fact of the matter is that most 
management systems will work if the people involved want 
them to work. It is not the management system that is 
important, but people’s attitude towards the specific system. 
Every system of management involves some use of com- 
mittees in one way or another. 

3. Sooner or later, there must be a committee meeting. 

4. Here are some of the things to keep in mind in using manage- 
ment committees, to get the best results, and also avoid some 
of the pitfalls. 


“Technical Writing by Engineers,” by M. K. Bonner, MACHINE 
pesian, page 90, June 16, 1968. 

The author and the editors of Machine Design recently con- 
ducted a survey to gage the amount of writing being done by 
engineers and the management policies and opinions concerning 
technical communication. As expected, the vast majority of firms 
are in favor of writing. An analysis of some of the whys and 
wherefores of the situation have led to suggestions for its 
Improveme nt 


“The Modern Office—Industry’s New Profit Frontier,” by 
T. Kenny, DUN’S REVIEW AND MODERN INDUSTRY, page 49, Septem- 
ber 1968. 

This is a six part feature covering: 

1. “Today’s Office—Room for Improvement.” Big changes are 
taking place in office operations as companies plan for the 
rich markets ahead in the next decade. 

.“How Much Mechanization Can You Use Profitably?” 
Here’s a rule-of-thumb guide to proper office equipment 
for paper work jobs of various types and sizes. 

“New Survey Spotlights the Office In Transition.” A survey 
of detailed office plans and procedures reveals far-reaching 
changes are now taking place 

“The Office: A Better Place for Better Work.” A look inside 
modern offices that are giving management a competitive 
edge in a profit-tight economy. 

“Getting Down to Cases.” How companies are getting better 
and faster information by taking advantage of the latest in 
equipment 

“New Horizons in Manning the Office.” Modern office opera- 
tions demand specialized skills. How has the clerical per- 
sonnel picture changed—and what lies ahead? 


“Statistical Aids to Decision Making,” by C 
DUSTRIAL QUALITY CONTROL, page 7, 


A. Bicking, 1N- 
August 1958 

This article describes a direct application of probability con- 
cepts to management decisions. The basic principles used are 
similar to those applied in statistical quality control and design 
of experiment at operating and technical levels of business. A 
general pattern of analyzing problems, described popularly as 
Design for Decision, has been applied to real examples of deci- 
sion making 

The aim is to combine careful estimates of costs and of 
returns with equally carefully estimated probabilities of the 
occurrence of various outcomes of alternative courses of action 
When costs, returns and probabilities are combined, the value or 
desirability of the alternatives are expressed in quantitative 
terms. A comparison of the desirabilities of the several possible 
courses of action enables the manager to choose the most favora- 
ble one 


“Taylor's Message For Today’s Managers,” by Dr. Ir M. G. 
Ydo, ADVANCED MANAGEMENT, page 5, March 19658. 


1. Taylor’s techniques are understood, but not his aim, And 
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these techniques—for instance, timestudy—can be used for 
different purposes. Because people did not understand 
Taylor’s purpose, they used his techniques in a different 
sense than Taylor intended them to be used, and this re- 
sulted in the “Taylorsystem,” which does not fit Taylor at 
all, 

. After a thorough study of Taylor's work and his life, the 
author came to this conclusion: that the techniques which 
Taylor developed are more often used to enlarge profits 
than to form the characters of the workers. 


“Looking Around,” by R. F. Ericson, HARVARD BUSINESS RE- 
view, page 143, September-October 19658. 

In the philosophy of business one of the most heated battles 
now going on concerns the question as to whether management 
should be autocratic or whether some of the newer, more 
participative patterns are needed. The battle between the old- 
school “realists” and the new “radicals” and “idealists” is, of 
course, an intensely personal one to many executives, and the 
fact that the argument is often carried on by social scientists 
and philosophers does not lessen their involvement. The author 
takes sides with the “idealists,” but his article should be of 
value to businessmen in both camps since he has emphasized 
helpful sources of information, particularly those dealing with 
the central values and assumptions underlying the argument. 


“How to Set Up a Preventive Maintenance Program,” by 
Frederick D. Manning, MILL & Factory, January 19658. 

It may take several years to get a preventive maintenance 
program running smoothly, says the author, but the effort will 
be rewarded by reduced maintenance costs and increased produc- 
tion time. He outlines a step-by-step procedure for setting up 
such a program, including: 

Making permanent records on all equipment. 

2. Establishing the organizational structure of the program. 

3. Planning the use of Maintenance manpower 

. Preparing inspection schedules. 

. Setting up effective controls on Maintenance supplies. 


“Effective Communication Depends on the Listener,” 
Talovich, THE orFice, page 71, October 1958. 


by P. 


The author states that one of the most important factors to 
effective communications is a receptive listener. 

The failure to communicate arises because the prevailing 
attitude inhibits the listener and causes him to suppress his 
desire to seek clarification by asking questions or by advancing 
suggestions. This attitude, manifested however subtly by his 
superiors, causes the employee to feel that he is an “Outsider” 
“put in his place.” 

To determine the effectiveness of communication, some test 
should be made of the penetration level. At what point did the 
listener fail to comprehend the issue? What is the essential 


and is apt to be 


element? These questions can be answered only by the listener. 
He will provide the necessary clues only if he is given an 
opportunity and an environment in which he can ask questions 
and advance suggestions freely without fear of rebuff or ridicule. 


“Moral and Ethical Standards in Labor and Management,” 
NATIONAL ASSN. OF MANUFACTURERS, 2 East 48th St., New York 17, 
8 pages, Free. 

Cites the self-imposed obligations of business management 
and organized labor to the general public, to people as indivi- 
duals, and to the nation’s economy. The NAM code of ethics 
and credo and the ethical practices code of the AFL-CIO are 
at odds at some points. 


“Job Design—Meeting the Manpower Challenge,’ by Dr. 
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George H. Hieronymus, SOCIETY FOR PERSONNEL ADMINISTRATION, 
Pamphlet No. 15, January 1968. 

Today’s scientific and professional manpower shortage can be 
greatly diminished by improving our utilization of human 
available. Alteration of job patterns and 
duties so as to utilize only an individual’s highest talents and to 
release him from tasks with substantially lower skill requirements 
“will increase our manpower and _ skillpower without 
proselyting among 
other employers.” The author includes helpful hints and sugges- 
tions for implementing this sort of job engineering. 


resources already 


costly 
college recruiting campaigns, and without 


INVENTORY CONTROL 


“Determining the Best Possible Inventory Levels,’ by K. J. 
Cohen, INDUSTRIAL QUALITY CONTROL, page 4, October 1958. 

The author is concerned with the problem of how inventory 
levels should be established. This is an important problem, for 
inventories play a role in al} phases of business and industry, 
whether retail, wholesale, or manufacturing. Rather than con- 
sidering all aspects of inventory problems, however, the author 
concentrates on the function of inventories in the distribution 
of commodities, in particular, in the wholesaling operations, and 
not with the part that inventories play in manufacturing. 


“It Pays to Control Inventories,” 


12, 1958 


THE IRON AGE, page 46, June 


1. Inventory turnover as a measure of inventory management 
efficiency is being used by some companies. 

2. John A. Patton Management Engineers have used turnover 
in setting up an inventory control system for a jobber of 

oil country equipment, applying it to finished goods only. 

Inventory on hand at the start of the year is deducted from 

cost of material sold during the year. Year-end inventory 

is then divided into the cost of material sold to get an 


inventory turnover figure 


“Simple System Keeps Tab on Inventory,” by Editor, cHEMI- 
CAL WEEK, page 59, Sept. 20, 1958. 

A simple statistical method is the heart of a system: that 
General Electric is adopting to control inventories of its insulat- 
ing materials department’s products. Originally developed for 
inventory control of some silicone products, the method is now 
proving successful in reducing reliance on individual product 
sales forecasts, establishing a stockout level attainable through 
control, closely gearing stock levels to actual sales 
and in limiting the occasions when a product is out of stock. 


inventory 


MATERIALS HANDLING 
“Materials Handling 


19658. 


CHEMICAL PROCESSING, page 33, March 

“No one can overstress the importance of material handling 
as a means for combatting today’s high operating costs . . . top 
management is well aware of the need for even more improve- 
(in material handling operations) in the competitive 
says Francis M. Anable, Victor Chemical Works’ 
vice president, in the 


ments 
period ahead,” 
article opening the feature on material 
handling. 

In addition to Mr 
ments approach to solving material handling problems, there are 
engineering, financing, purchasing, and 
other managing aspects of material handling operations in the 


Anable’s article discussing top manage- 
articles discussing the 


chemical processing plant and the five major fields of material 
handling equipment 


‘Palle ts Fo Inte plant Shipping,” by J E Wiltrakis, MATERIAL 


HANDLING ENGINEERING, page 72, November 19658. 


Jonuary—february, 1959 


Systems engineering is essentially a method of viewing the 
whole problem so that you can set up factors to be studied in a 
logical sequence. The relationships of these factors are developed 
and faster, lower cost methods are sought. In this article, the 
author applies systems engineering to an area where opinions are 
many and facts few. 


OPERATIONS RESEARCH 


“How You Can Use Linear Programming,” by N. V. Reinfeld 
and B. L. Hansen, Miu & Factory, December 1958. 

In the opinion of the authors, linear programming is a 
versatile mathematical tool that can provide accurate, quick 
answers to knotty problems of scheduling, inventory control, 
tooling, material handling, peak demand, distribution, etc. After 
describing the type of problem that can be solved by the 
technique, the authors gave detailed examples of how it is used 
in such production areas as machine scheduling and scheduling 
tooling set-ups. 


QUALITY CONTROL 


“Quality Control In An Electrical Service Industry,” by T. G. 
LeClair, INDUSTRIAL QUALITY CONTROL, page 9, April 1968. 

While to many it might not appear that the techniques of 
quality control would be particularly applicable to an electric 
service company, the author tells about several phases from 
actual material control to load factor analyses where quality 
control has already been used and numerous other areas where 
they are planning to use it to hold down costs and hence 
electric service rates. 


“Quality Control of Inventory Turnover,’ by L. B. Kahn, 
INDUSTRIAL QUALITY CONTROL, page 4, April 1968. 

Statistical analysis and control charting is described, not for 
conducting an inventory count, but for analyzing the activity of 
items in an inventory. The author presents a formula to determine 
an index of activity for each item and shows how it is used to 
pinpoint items of extremely high or low activity that require 
Management action. 


“Quality Control in Action,” AMA MANAGEMENT REPORT NO. 9, 
price $300, AMA Members $2.00. 

In this report, managers with a wide range of quality control 
experience describe top management’s responsibilities and func- 
tions in quality control; how to organize a quality control pro- 
gram; how to design quality into the product; how to reduce 
the cost of control; and some frontier applications of quality 
control. The papers of which this volume is comprised are based 
on material originally presented at a special conference on 
“Quality Control in Action.” 


“Design and Operation of a Double-Limit Variables Sam- 
pling Plan,” by A. J. Duncan, JOURNAL OF THE AMERICAN STATISTI- 
CAL ASSOCIATION, page 643, June 1968. 

The paper presents and illustrates the use of three charts and 
a table for the design and operation of a double-limit variables 
sampling plan. Two of the charts are plots of the Lieberman- 
Resnikoff tables of the minimum variance unbiased estimate of 
the proportion of a normal universe exceeding specified limits 
given sample estimates of the mean and standard deviation or 
average range. The table is an extension of the Patnaik table of 
conversion factors for use of the average range in lieu of the 
standard deviation. 


WORK MEASUREMENT 


“Only Work Measurement Can Set Fair Day's Work and 
Pay,” by Dr. L. J. Rago, THE oFFIcE, page 130, October 1958. 


Although offices make limited use of work standards (estab- 
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lished by stop-watch time studies), they constitute one of the 
many useful means of achieving office efficiency. Through the 
intelligent application of carefully developed output quotas (work 
standards), a fully objective appraisal of employee performance 
and effectiveness can be made. The primary achievement of 
output quotas is that they help the office supervisor exercise 
control over working habits of the office force. Thus, a basis for 
an equitable distribution of office workloads is provided 


“Measuring Clerical Data For Measuring O fice Work.” by 
Editors, Tux orrice, July 1958. 
1. A work measurement technique for reducing office and 
clerical costs as much as 30% has been developed by Serge 
A. Birn Co., 
2. The procedure will also control and balance clerical and 


& management consulting firm 


office work loads as well as measure individual performance 
Called Master Clerical Data, or MCD, the studies are 
based on Industrial Engineering principles, heretofore used 
on the production line, but now made applicable to office 
work measurement 

3. Using MTM as the basic tool, engineers on many different 
office jobs collected and assembled MTM standard data 
for all clerical work. The job has been practically completed, 
and they have found that about 90% of all clerical work is 
performed with time values that are constant. This Master 
Clerical Data 
elements used to perform all kinds of office work not 
requiring creative thinking 


MCD) now comprises a list of standards 


A trained office supervisor can 
put these basic elements together to compute a standard 
for most clerical jobs No engineering background is re- 
quired 


“Setting Standards For Jobs That Re quire 
by A. E. Fain, THE orrice, April 1958 


Mental Decisions,’ 


There are four basic steps in establishing standards for office 
operations 


1. Introduce and indoctrinate 


2. Determine what is being done 


supervisors and employees 


3. How often is it done? Answers must be obtained concerning 
the total volume of the work processed during a typical 
month or week 

4. Determine the normal fair time allowance for an average 
employee working at a fair rate of speed 

These basic rules of approach form a background for the 

answer to the introductory question—‘How can standards be 
established for tasks requiring judgment?’ , 
simultaneously with mental and 
While we are 
reading or writing, we are also simultaneously evaluating and 
judging. The accuracy of judgment does not require a separate 
time period devoid of all physical effort whereby we can sit 


Thought processes occur 


physical actions such as reading and writing 


back and arrive at a decision. It does, however, require that 
full and ample time be allowed for reading or listening to all 
information pertinent to arriving at a decision 


“Time Measurement Provides Supervisory Control Standards,” 
by A. E. Fain, THE orrice, September 1958 


Rising costs, increased complexities of paperwork and the 
shortage of competent clerical personnel are major business prob- 
lems which call for major solutions. There are two prime ap- 
proaches through which management can obtain improved opera- 
tions. The first, and most glamorous, is the electronic computer 


The Journal of Industrial Engineering 


which does much to provide more information at less cost. ‘There 
is a second approach which also can produce substantial savings 
without capital expenditures for equipment. This is the use of 
control standards developed through uniform time measurement. 


WORK SAMPLING 


“Work Sampling For Measuring Clerical Work,’ by J. A. 
Ritchey, THE OFFICE, page 96, November 1958. 

The application of work measurement to clerical activities is 
difficult at best, but its difficulty does not make it less desirable or 
less necessary as a means of determining the amount or kinds of 
work performed on office jobs. The difficulties present challenges, 
rather than reasons for despair. It is the author’s purpose to show 
how these challenges can be met, in some cases, through the use 
of work sampling. 


“The Use of Random Work Sampling For Cost Analysis and 
Control,” by A. C. Rosander, H. E. Guterman, and A. J. McKeon, 
JOURNAL OF THE AMERICAN STATISTICAL 
June 19658. 


ASSOCIATION, page 382, 


Random time sampling of activities (work sampling) is suc- 
cessfully applied to everyone in a division of 350 employees for 
the purpose of budget planning and cost control. To insure this 
success several technical and administrative problems had to be 
solved, especially those relating to the design and management 
of the sample. An appropriate model is described together with 
methods of sampling, estimating, and calculating sampling errors. 
Bias is reduced by using an employee instruction booklet, anony- 
mous reporting, and by classifying and coding activities. Cost of 
the plan is reduced by using a stratified cluster sample, a check- 
type data sheet, a simplified method of estimation, and by calling 
random times by telephone. 


BOOKS 


IDEAS FOR MANAGEMENT, Systems & Procedures Assn., 
Penobscot Bldg., Detroit 26, 500 pages, $16.00 

The papers and case histories presented at last year’s Inter- 
national Systems Meeting, comprising 80 articles by well known 
systems executives, Included is the Systems Panorama which is 
particularly suited to the individual who handles a systems funec- 
tion along with other duties and to management executives who 
must keep pace with today’s fast moving trend in systems and 
procedures. The Systems Manager Seminar, another section of 
the book, answers many of the day-to-day problems which face 
managers of a systems department; how to train a systems 
analyst; how to plan, schedule and justify systems work; how to 
maintain an effective staff organization, etc. This book is offered 
on ten-day approval. 


LINEAR PROGRAMMING: FUNDAMENTALS AND APPLICATIONS, by 
Robert O. Ferguson and Lauren F. Sargent, McGraw-Hill, 330 
West 42nd Street, New York 36, 360 pages, $10.00 

Written for executives and managers at all company levels 
and illustrated by examples from industry, this book demon- 
strates what linear programming can do and the results it can 
bring. Without going into higher mathematics, the authors have 
taken a complex technique and presented it. as a_ practical 
planning tool, with clear treatment of the fundamentals, methods 
and applications. The book contains two new computational 
methods developed by the authors, plus a time-saving refinement, 
called MODI, of an existing computational method also developed 
by them 


Volume X - No. 1 





opportunities 





WHAT IT IS 


The I.E. Opportunities service is a functional committee ac- 
tivity of the AIIE. Information concerning employment oppor- 
tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of 
members from the Columbus, Ohio chapter. 


SERVICES PROVIDED 


Current job openings are published in condensed form in each 
issue 

In addition, a monthly I. E. Opportunities Bulletin is supplied 
to over seventy chapters located throughout the United States. 

Each job opening is assigned a “P” number for identification. 
The name and address of the person to contact for additional 
information concerning a specihe job opening 1s sent to members 
on request 


EMPLOYERS 


Employers having openings for qualified Industrial Engineers 
ure invited to list them. Government agencies and educational in- 
stitutions as well as business and industry are urged to take ad- 
vantage of this free service 

Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant 


2 


Engineering, Opera- 
tions Research, Industrial Relations, 


Sales, and Management. 


For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industrial Engineering 
background will be of value. 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the address below: Type of industry, location, 
job classifications, minimum educational and experience qualifica- 
tions, and salary range. 

This information will be publicized to the members in con- 
densed form in the JournaL and in monthly chapter Bulletins. 
Company names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


The following list shows job openings available just prior to 
press time. If you would like more information about one or more 
of the positions listed, mail the “P” numbers with your name and 
uddress to the Opportunities Service at the address below, The 
Service will advise you by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name will not be for- 
warded to the company with the job opening. 

For more current listings, contact your local Chapter Secre- 
tary or Opportunities Chairman for the latest monthly Bulletin. 


ADDRESS OF THE SERVICE 


I. E. OpporTuNITIES SERVICE 

American Institute of Industrial Engineers 
145 North High Street 

Columbus 15, Ohio 


INDUSTRIAL ENGINEERING OPPORTUNITIES 


Industry, location 


Warehouse 

Air Force 
Education 
Paper Mill 
Consulting 
Airline 

Mining & Smelt 
Foundry 

Paper 

Printing 
Lithography 
Electronics 
Weapons Systems 
Power Shovels 
Education 


onverting 
Panama 
lectron'cs Texas 
lectron'cs Texas 
ectron'cs Te 
onsulting 
Mfg NY, NJ, Fla, Cal, Il 
Aircraft Repair & Mod Cal 
Airforce Denot NY 
Navy Ship Repair (Cuam 
Navy Ov seas Bases Pacific 
Rakery **a, Cal 
Steel Ind Mich 
Paper & Bag Ala 


Navy Guam 


Chemicals W Va, Cal 
Chem. Pros Pa, WVa, Va 


Janvary—february, 1959 


Travel? Job classification number 


(See key) Range in 


10, 21, 43 


Salary Qualifications required 
, Age range 
Years of 


Ady. degree 
? exper. 


$1,000 req.! from to 


Ph.D. 
M.8. or Ph.D. 


13, 19, 71 
Sngr. Trainee 
31, 33, 35, 38, 54, 70 
9, 33, 35, 38 
é 38 
Tli-NY f 52 
(Military) 
42, 43, 44, 53 
31, 40 
2, 44, 48, 49 
Preventative Maint. 


ISN 


_ 


A maa 


10, 11, 13, 15, 21 
33, 34, 35, 51, 54, 71, 


73, 91 
92-13, 36, 42, 48, 70 8.8 


Open 
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Industry, location 


Syn. Fibers & 
Air Force 
Maint. Control 
Maint. Control 
Retail Chain 
Airline 
Education 
Chemical 
Electronic 
Electronic 
Electronic 
Electronic 
Research 

Pulp and Paper 
Education 
Consulting-Mfg. 


‘ilms 


M. Consulting 
Missile Production 
Air Force De 
Mail Order Ff 
Automotive 
Automotive 
Aircraft 


ouse 


Chemical 
Aircraft 
Mfg.-Steel PrMd. 
Air Force 


Mining 
Maemt. Consulting 
Wood & Plastics 


Alum. & Chem 


Alum. & Chem 
Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Education 
Research & Edu. 
Metal-Mach. 
Electro-Mech 
Plumbing Goods 
Printing 

Edu. (Wood Prod 
Education 

Syn. Fibers 

Stee! 

Research & Devel 
Steel 
Automotive 
Automotive 
Printing 

Com. Refrig 
Com. Refrig 
Hosiery 

Govt. Agency 
Education 


Electronic Supply & Eng. 


Same states as above) 


Travel? 


Job classification number 
(See k 


Qualifications required 





| 


ey) Adv. degree 


req. 


Years of Age range 


cape. from 





NY 

Pa, Va, WVa 
Utah 

8C 

sc 


10, 30, 
10, 20, 


oO kK 
Ill, Colo, Cal 11, 13, 
Mo | 10, 31 
Fla 10 
Tex 11 
Tex 

Tex 

Tex 

Cal 

NC 

Mass 
Nationwide 


19, 36, 
, 13, 


, 20, 


Broad 
, 30, 
, al, 
, 81, 
, 
, 36, 


Upper Midwest 
ash 


13, 15, 18, 33, 34, 
42, 43, 44, 47, 54, 
71, 91, 92 


= 11, 

, 43, 
oO 36, 39, 
Cal 


Colo 
0 


10, 11, 
Ca, Ill, ine. La, Md, 11, 53, 
Pa, RI fash, 


vv 4 )¥ a 
BWI 


10, 
10, 


Ontario 
Ontario 
Ontario 50, § 
Ontario 10, 
Ontario 38, 
Ontario 10, 
Fla 

Pa 26, 
Mass 32, 3 
oO 10, 


10, 11. 
11, 13, 


10 through 19 


19, 30-39 


—45, 50-55 
35 


, 11, 29, 31, 36, 42, 71 


91 or 92 


40, 70 ‘ ‘ 
42, 43 


42) 43, 70 


38 
15, 16, 91 


Cons 


30, 40, 50 
B.8.—Prefer 
M.B.A. 


- 
ao eo x 


40, 50, 70 
40, 91 

44 

70 

38, 53 








13, 36 
44, 34, 18 
re 80, 97 
, 38, 42, 1 yr Spec. 
Field 


2, 54, 70 
14, 15, 16, 18, 


21, 23 


18, 36, ¢ 


.0-14.0 
21, 38. 
38 


, 21, 
3, 49 
3, 14, 


.0-16.0 
4-9.6 
4.2-4.8 


0-10.0 
2 

-§.0 
6-9.6 


19, 
15, 16. 22 23, 36 


M.S. or Ph.D. 


3 
0-5 
1}-2} 

24 
0 
2-8 


-5 


13, 14, 15, 16, 

10, 11, 22, 32, 42, 43 
10, 13, 14, 15, 20, 21, 
31, 32, 33, 34, 35, u 
10, 11, 30 

10, 11, 42 

19, 53, 51 (Research) 


47.8 
8-9.5 
0-11.0 
0-10.0 
6-6.0 
2 
0-10.0 


NDP DONASD BH 


Degree 
M.S. or Ph.D. 





Job Classification 
Motion and Time Study 
Methods Improvement 
Suggestion Systems 
Wor 
8 


Stop Watch Time Study 

Std. Time Data Dev. & Applic 

Predeter. Elemental Time 
Stds 


Work Sampling 
Estimating and Costing 
Wage Payment 
Incentive Plans 
For Production Workers 
For Non-Prod. Workers 
For Supervisory Personnel 
Job Evaluation 
Wage Administration 


Key to Job Classifications 


Measurement and Perf. 


Job Classification 


Production Engineering 
Production Control 
Process Planning and Routing 
Scheduling and Loading 
Flow Process Charting 
Inventory Control 
Cost Anal. & Reduction 
Statistical Quality Control 
Dudgytery Control, Standard 


Cos 

Tool = Gage Design and Con- 
trol 

Plant Engineering 

Plant Location & Expansion 

Plant Layout 

Material Handling 

Machinery & E wt 

Specif., Select. & Eval. 


Job Classification 


Replacement 
Automation 
Plant Maintenance 
Cap. Budget. Facil. Plan 
Operations Research 
System & Simulation 
“Models” 
Mathematical Analysis 
Engr. Economy Studies 
Auto. Data Proc. with Com- 


with 


Market Re Research & Forecasting 
Industrial Relations 
Personnel Administration 
Personnel Testing 
Personnel Training 
Industrial Psychology 
Labor Relations 


The Journal of Industrial Engineering 


Job Classification 
Safety Engineering 
Suggestion Systems 
Systems and Procedures 
Admin. & Operating Procedures 
aes “ae Charts and Man- 


me Admin. & Form Control 
Product Design 
Packaging 
Management and Supervision 
Industrial Engineering Supr. 
Chief I. E. or Equiv. 
Plant Engineer 
Production Supervisor : 
Plant Mer., Fact. Mer., Works 


Mer. 
General Manager 


Volume X Ne. 1 





GILENT HOIST ct GULENT HOIST 
ETIRIO! wy ) A =. 


A unique 
combination, serves 
. ‘3 as a Mobile Crane, 
Fluid drive, of a Fork Lift Truck, 
Power Steering. TRB ant — 

9 sizes: 3, 5, 6, 7%, 8, iste or hollow center 
10, 12, 15, 30 sons ie W ‘4 loads. Write for 
capacity. Write for aA bl! hd Bulletin $77 

Bulletin $77. ia 7 aD. 








(1) Time (2) Labor (3) Money. With special att 
SILENT HOIST “workhorses” might fit your need 
cient handling with SILENT HOIST equipment | 











QILENT HOIST 


HYDRAULIC Boom Swinging, Frent-Boom Coane with 


HYDRAULIC Topping, Hydraulic P 
HYDRAULIC Telescoping; : Topping, viuth Load = 
HYDRAULIC Load Hoisting! on Hook. Write 
Fluid Drive, for Bulletin #73. 
Power Steering. 


5 Sizes: 1%, 2%, 5, 10, 
12% ton capacities. 
Ask for Bulletin $79. 





SILENT HOIST & CRANE CO., 900 63rd Street, BROOKLYN 20, N. Y. 





American Institute of Industrial Engineers, Inc. | Entered as 


145 N. High St. second-class matter 
Columbus 15, Ohio 


Industrial Engineering is concerned with the design, improvement, and 
installation of integrated systems of men, materials and equipment; drawing 
upon specialized knowledge and skill in the mathematical, physical, and social 
sciences together with the principles and methods of engineering analysis and 


design, to specify, predict, and evaluate the results to be obtained from such systems. 





